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Your design ideas are quickly 
captured using the ULTIcap 
schematic design Tool. ULTIcap 
uses REAL-TIME checks to prevent 
logic errors. Schematic editing is 
painless; simply click your start and 
end points and ULTIcap 
automatically wires them for you. 
ULTIcap’'s auto snap to pin and auto 
junction features ensure your netlist 
is complete, thereby relieving you of 
tedious netlist checking. 














ULTIshell, the integrated user 
interface, makes sure all your design 
information is transferred correctly 
from ULTIcap to ULTIboard. Good 
manual placement tools are vital to 
the progress of your design, 
therefore ULTIboard gives you a 
powerful suite of REAL-TIME 
functions such as, FORCE VECTORS, 
RATS NEST RECONNECT and 
DENSITY HISTOGRAMS. Pin and 
gate swapping allows you to further 
optimise your layout. 





Now you can quickly route your 
critical tracks. ИТ Боага'5 
REAL-TIME DESIGN RULE CHECK 
will not allow you to make illegal 
connections or violate your design 
rules. ULTlboard's powerful TRACE 
SHOVE, and 
REROUTE-WHILE-MOVE algorithms 
guarantee that any manual track 
editing is flawless. Blind and buried 
vias and surface mount designs are 
fully supported. 








If you need partial ground planes, 
then with the Dos extended board 
systems you can automatically 
create copper polygons simply by 
drawing the outline. The polygon is 
then filled with copper of the 
desired net, all correct pins are 
connected to the polygon with 
thermal relief connections and user 
defined gaps are respected around 
all other pads and tracks. 











ULTIboard, one of the leading PC based 
design systems, is suplied worldwide via а 
network of ULTImate Technology offices 
and distributors. ULTlboard's success in 
the professional design community is 
primarily due to its superior interactive 
functionality. 


Real Time Placement Aids, Real Time 
Design Rule Check, Trace Reroute While 
Move and Trace shove, are all features 
wich will dramatically reduce your design 
time. 


Intergration with ULTIcap guarantees 
smooth data flow between Schematic and 
PCB editing and the inclusion of third party 
netlist interfaces ensures ULTIboard will fit 
into any design environment. 


Another of ULTImate Technology's 
strengths is our flexible growth path. 
Users may start with a low cost ULTIboard 
Challenger Lite and grow, step by step, to 
a 32-bit Advanced system with Ripup and 
Retry Autorouting and Digital Simulation. 


ULTImate Technonlogy also looks after 
existing users, providing they have valid 
mainenance subscriptions they will be 
upgraded to a new system based on their 
original investment. For instance, a 1987 
ULTIboard-DOSsystem has now been 
upgraded to a 32-bit 
Advaced system with 
Windows compliance and 2 
Autorouters. 


ULTImate Technology not 
only adds value to your 
investment in a ULTlboard 
system but backs it up 
with the highest quality 
support from our 
distributors and offices. 


More than 


በበር 


- Users 












ULTlboard's autorouter allows you 


to control which parts of your board 


are autorouted, either selected 
nets, or a component, or a window 
of the board, or the whole board. 
ULTlboard's intelligent router uses 
copper sharing techniques to 
minimise route lengths. Automatic 
via minimisation reduces the 
number of vias to decrease 
production costs. The autorouter 
will handle up to 32 layers, as well 
as single sided routing. 


ULTIboard's backannotation 
automatically updates your ШЕ Т 
schematic with any pin and gate 


. swaps ог component renumbering. 


Finally, your design is post 
processed to generate реп / 
photo plots, dot matrix/laser or 
postscript prints and custom 
drill files. 
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EASY-PC, Schematic and PCB CAD 


Over 18,000 Installations 
in 80 Countries World-wide! 
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286/ 386/ 486 with AWARD 
Hercules, CGA, EGA 





1989 
or VGA display and = 
many DOS emulations. 

e Design:- Single sided, 
Double sided and 
Multi-layer (8) boards. 

• Provides full Surface 
Mount support. 

• Standard output 
includes Dot Matrix / 
Laser / Ink-jet Printer, 
Pen Plotter, Photo- 
plotter and N.C. Drill. 

• Tech Support - free. 


( e Superbly easy to use. == 
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_ Options:-500 piece Surface Mount Symbol Library £48, 
1000 piece Symbol Library £38, Gerber Import facility £98. 





Affordable Electronics CAD 


| ЕАЗУ-РС: Entry level PCBand §19500 — £98.00 
| Schematic CAD. | 

| ЕА$Ү-РС Professional: Schematic | $375.00 £195.00 

፣ Capture and PCB CAD. Links directly 
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Simulator ; 

^ 130 node capability 
| ANALYSER Ш Professional: Linear $375.00 | £195.00 

Analogue Circuit Simulator | | 

~ 750 node capability. | 


| Z-MATCH for Windows: NEW Windows | $475.00 | £245.00 
based Smith-Chart program | | 
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ne sector of the electronics 
market continues to demand 

faster and more powerful per- 
sonal computers. Another de- 
mands а longer life from one bat- 
tery charge in case of portable 
computers: 2-3 hours is now a 
minimum. Such demands are 
notrestricted to computers: they 
apply equally to portable radio re- 
ceivers, radio telephones and in- 
strumentation equipment. At 
the same time, the world needs 
a more efficient use of energy. 
These conflicting demands force 
designers of electronic compo- 
nents to bring out ever faster, 
smaller and more energy-friendly 
devices. A logical consequence 
of this is that ICs are becoming 
smaller and smaller. This in turn 
means that their dissipation be- 
comes a problem. 

All these requirements have 
resulted in a lowering of the tra- 
ditional 5-V supply voltage to 
3.3 V (ЈЕРЕС standard for mains- 
operated equipment). Low-volt- 
age versions of 80386 and 680x0 
processors, memories, ASICs, 
disc controllers, LCD controllers, 
data converters and regulators 
are already available. 

This articletakes a closer look 
atanumber of low-voltage fam- 
ilies of CMOS logic devices from 
Philips. Each of these families 
has a unique product differen- 
tiator. 

* LV-HCMOSisa3.3 V medium- 
Speed CMOS family that is 
compatible with LS and 
HCMOS. 

* LVC is a 3.3 V CMOS logic 
family that is compatible with 
FAST, ACL, (Q)FACT and ALS. 

* HLL is the world's fastest 
CMOS family with centre 
supply pinning and provid- 


Relative speed 


(%) 
130 
120 


LOW-VOLTAGE 
CMOS DEVICES 


By our editorial staff 





ing low skew, low EMI and a 
Speed as FCT-C. 

ALVC is basically the Multi- 
byte?" version of HLL. 

LVT isa 3.3 У BiCMOS fam- 
ily that is optimized for driving 
backplanes and provides live 
insertion/auto three-state, bus 
hold and outputs that can han- 
dle forced 5 V. Itis compatible 
with ABT, BCT and FCT-A. 
All devices in these families op- 
erate from supplies of 1.2-3.6 V. 
Because of their low dissipation, 
these devices are eminently suit- 
able for use in battery-operated 
equipment. Moreover, in view of 
their high speed, they are also a 
good choice in fast digital cir- 





cuits. 

Other advantages are that, 
because ofthelow supply voltage, 
noiselevels are down and the re- 
liability ofthe system increases 
(because ofthe lower mechanical 
stresses in the ICs). 


Wide voltage range 


Although JEDEC has stan- 
dardized the supply voltage for 
mains-operated equipment at 
3.3 У+0.3 V, this does not apply 
to battery-operated equipment. 
The problem thereis the large vari- 
ation ofthe battery voltage over 
the life of the battery. For in- 
stance, the e.m.f. of two series-con- 
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Fig. 1. Relation between supply voltage, speed and dissipation of logic components. 
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nected alkaline or carbon-zinc 
batteries at the end of their life 
is 1.8 V, while that ofa NiCd bat- 
tery is 1.2 V tojust before itis fully 
discharged. Thanks to the wide 
range of operating voltages of 
the new devices, the use of dry as 
well as rechargeable batteries 
presents no problems. 


Low voltage, same 


speed 

As shown in Fig. 1, the speed of 
alogic component and the supply 
voltage from which it operates are 
related. The dynamic power dis- 
sipation (the static dissipation 
of CMOS devices is virtually nil) 
decreases roughly with the square 
of a reduction in supply voltage. 
Thus, an obvious method of re- 
ducing the dissipation of these 
circuits is a decrease of the nop- 
minal supply voltage. The rele- 
vant graph in Fig. 1 shows that 
the dissipation of a 3.3-V com- 
ponent is about 65% lower than 
that of a 5-V component, but is 
accompanied by a 20% reduction 
in speed. Thus, the immediate ad- 
vantages of moving from 5-V to 
3.3-V operation are that the 
speed/dissipation ratio is more 
than doubled, and it becomes 
possible to power CMOS logic 
from a 1-cell or 2-cell battery in 
portable equipment. The reduc- 
tion of maximum speed may be 
negated, and even reversed, by 
the use of sub-micron technology. 


LV-HCMOS family 


The LV-CMOS logic family is based 
on HCMOS (HC) technology and 
is manufactured in a similar man- 
ner. Although developed primarily 
for operation from 3.3 V supplies, 
the components in this family 
can work with supply voltages 
ranging from 1.0 V to 3.6 V. 

With a 3.3 V supply, the speed 
and performance аге the same аз 
HCMOS working from 5 V. There 
are, therefore, no disadvantages 
in replacing 5 У logic components 
with LV-HCMOS devices. 

To obtain the same speed as 
available from 5-V CMOS com- 
ponents, the channel length of 
LV-HCMOS devices is reduced 
to 2 um, the gate oxide is thinner 
and the threshold voltages are low- 
ered. Because of the reduced chan- 
nel length, the propagation delay 
with a supply of 3.3 V is only 9 ns. 
With a supply voltage of 2 V, the 
output driveis 4 mA and even 6 mA 
for driver outputs. With a 3.3 V 
supply, outputs can drive loads 
> 1300. 


n COMPONENTS 


LVC family 


The LVC family is compatible 
with the F(ast) CMOS series as 
far as speed, output drive char- 
acteristics and pinning are con- 
cerned. It is manufactured in 
6 um CMOS technology and thus 
dissipates much less power than 
F(ast) logic devices. Although 
designed for operation from a 
3.3 V «0.3 V supply, the devices 
can be used with a supply volt- 
agerangeof 1.2V to3.6 V, but they 
tend to slow down а the lower volt- 
ages. With a supply of 2 V, they 
provide a drive of up to 24 mA. 
With a 3.3 V supply, outputs can 
drive loads > 50 О. Because of 
the sub-micron technology 
(0.6 um), the propagation delay 
with a supply of 3.3 Vis not greater 
than 6.5 пв. Since, witha supply 
of 3.3 V, the input levels may be 
as high as 5.5 V, this family is ide- 
ally suitable for usein 5 V to 3 V 
and 3 V to 5 V level shifting in 
mixed 3 V/5 V systems. 


HLL family 


The HLL family is a new logic fam- 
ily: the world’s fastest 3.3 V logic 
ICs. The devices are manufac- 
tured in sub-micron (0.6 pm) 
CMOS technology that uses two- 
level metal and epitaxial sub- 
strates. HLLICs operating from 
3.3 V +0.3 V work at twice the speed 
of F(ast) bipolar logic. Since they 
are CMOS devices, they dissi- 
pate only a fraction of the power 
needed by bipolar components. 
The family is ideally suited for very 
high speed operation in data buses 
of mains-powered equipment. 
The sub-micron technology guar- 
antees a propagation delay of not 
more than 4 ns with a 3.3 V supply. 
The high dynamic output drive 
allows transition times to be much 
shorter than the propagation 
delay. Outputs can drive loads 
> 50 0. With a 3.3 V supply, the 
devices interface directly with 
TTL logic. 
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Fig. 2. Propagation delay vs 
supply voltage characteristic. 
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Fig. 3. Each logic family has its own operating area. 


Key parameter/feature LV-HCMOS HLL/ALVC 


Key parameters 


Nomenclature* 74LVxxxX 74LVCxxxX 7AHLL33xxxX 74LVTxxxX 
74ALVC16xxxX 


Supply voltage range V 1.0 to 3.6 1.2 to 3.6 1.2 to 3.6 
А 
























0103 [27535 | 
227 | 
Quiescent current | © | 8 | 
9 4.0 2.1 
output-enable to output ns 14 5.8 4.0 
Max. ground bounce Vay) V| 55 | o | m үр 08 | 
|. -40 10 +85 | 


Output current lorlo 24/24 24/24 
data to output ns 
Temperature range °С —40 to +125 —40 10 +85 —40 to +85 





Full CMOS 
Advanced BiCMOS 


Drive capability: 
135 0 


Corner supply pins 

Centre supply pins 
TTL level input 
TTL level output 
5 V input capability 
Forced 5 V output 
Live insertion 


Input bus hold 
Packages: 















4 
N ү ዛራ N 
М N ዝኣ 4 
4 4 ዝላ 4 
Application: 
glue logic ү ү 
battery-powered equipment 4 ү N 
local bus LI y Y 
super pP 
backplane ს 1 
Compatible 5 V families LS-TTL FAST FCT-C ABT 
HC/HCT ACL/(Q)FACT ee BC/BCT 
N74xx ALS FCT-A 


world's fastest | 3 V equivalent of 


Product differentiator 3 V equivalent of | 3 V equivalent of 
LS/HC FAST ; 


logic ABT; optimized 
for backplanes 





* xxx = 245 etc, X = package code: D = SO, DB = SSOP ዘ, PW = TSSOP 1, DL=SSOP 48-56, DGG=TSSOP 
48-56 
** For transceivers Vin max = Мос + 0.5 V. 


Table 1. Main parameters of the low-voltage CMOS logic families. 
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LVT family 


The low-voltage BiCMOS logic 
family is manufactured in 0.8 um 
QUBiC technology to combine 
the best properties of CMOS with 


5 V system 


translator 


level 





.. Overseas editions: 


B.P. 59; 59850 NIEPPE . 















Unit 4, Gibbs Reed pem | 


FRANCE 
Elektor sarl 
Les Trois Tilleuls 


Editor: G.C.P. Raedersdorf | 


the best of bipolar devices. This 
results in very high output cur- 
rent and very high speed without 
compromise of dissipation or noise 
levels. Theoutputs can deliver cur- 
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than 4 ns with a supply of 3.3 V. 
The devices may be used in mixed 
З У/5 У systems. 

END 
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Fig. 4. Various methods of linking traditional 5-V logic devices 
and low-voltage logic devices. 


Fig. 5. Dissipation vs frequency characteristics of the various 
logic families. 
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40028 0.18 |45208 0.36 | 40258ፐ- 0.38 | 74175 123 7418182 2.05 | 7453685 POA | 74ሥር670- 1.10| 74НСТЗ77 0.64 74139 0.58 7420 056 LM317L2 0.55 5843200 ^ 160|- HM3-6116-5 3.60 
108. 028 45218 0.72 | 4027BT 0.45 | 74180 1.29 | 7455183 2.05 | 74.5686 РОА 74፡ር677- 3.76] 74HCT390 0.68 74142 0.94 7464 0.56 LM338« 4.46 2000000 1.86) Programmable ,IM6116 62 260 
40 45228 0.86 | 40288ፐ- 0.56 | 74184 РОА | 7445189 260 | 74.5687 РОА | „66786 591| 7aHCT39a 068 742151 058|74ር20 - O98|UA7BGUIC 102 |2:457600 149 Crystal HM@116LP-3 — 260 
40088 _ 040 |45268 0.50 | 40298ፐ- 0.66 | 74185 1.76 | 7413190 0.49 | 7455688 1.98 | 7፡(ር680- 3.83 74ዘርፐ394- 0.00|74F153  062|74C30 098 UA79GUIC 1.02 13:276800 098, Oscillators E | 


4009AE 0.23 |45278 0.56 | 40408T 0.78 | 74191 141 | 74.5191 0.49 | 7415693 РОА 3.579545 1.10 HM6117LP-3 5.79 

4009UB 0.29 à 7405698 РОА 740082 4.21 74HCT423 0.62 74157 056|74032 0.68 ክር4195ክ | 1.805975 102 МЕРНО. 79 
45288 0.49 | 4042BT 0.74 | 74192 1.41 | 745192 049 тансвва 570 74нСтезз 144 746155 070 7aC42 288 EXO-3C SERIES 

40108 029 8 745795 РОА i Ў у 4 400000 102 HMG264ALP-12 3.98 
45298 0.57 | 4046ВТ 1.41 | 74193 1.65 | 745193 0.48 74HC688 0.87, 74HCT534 0.75 746180 1.10 |74048 298 Spin DIL Plastic |нмегеддср:20 399 

40118 0.18 4539B 1.92 | 4047ВТ 1.06 | 74221 1.23 | 7405194 0.54 | 74.5796 РОА | 74НС690 1662] 74НСТ540 0.641 74Е160А 1.10 4.096000 1.10 . 











ў , 74073 128 Package HM6267P-35 5.0 
ი, 018 4536 1.14 | 404981 1.06 | 74259 2.92 | 74L5194M 037 | 7415797 РОА | гансво 162] 74061541 064 746161 110174674. 094 these ელა 4.194304 1.10 (реа. = MHz Нме2т2в.р.80: ~ 
6 [45328 0.44 | аововт 048 | 74265 1.46 | 74LS195A 0.57 | 74.3848 POAT уднсвае 173| танстәвз 098742162 128 74676 ^ 128 109881, 254 А 639818 110 12, 14.31818, 16, 1854 


od aan 45848 2.62 | 4051BT 0.78 | 74273 РОА | 7455196 0.68 EAN 74НС693 1.731 74НСТ564 0.78| 748163 128 74C85 186 16.384,19.6608 & 








4536B 1.22 | 4052ВТ 0.64 | 74276 3.56 | 745197 0,68 IN4001 0.04 | 4.915200 1.20 MIM86204L12 15:80 
40148- 0.42 |4538B 060 | 4053BT 0.98 | 74279 138 | 74LS221 ола | ТАНСОО 0.19. 740090 1.88) THHCTSTG 06а табибә 129074080 39| TNADO 00450000005 102 price: (3.92 TERR TL азе 
40158 0.42 /45398 0.62 | 40608T 064 | 74283 1.26 | 745224 20.24 | 749002 019 | cee 124 74ክርፐ583- 0,00 742168 448 74099. 160| №4003 0.04 5.068800 1.ዐ|.......... .|LH5164D-10L 24ባ 
40168 0.24 45418 052 | 40668ፐ- 0.59 | 74298 РОА | 7415240 0.42 | 740ღ04. 029 | „იციი 1.24] 74-ርፐ597- 162| 746160 360 746150 540, 14000 0:04 15 242880 1.20) epin DIL Plastic [211464 . 5. 

38 | 45438 0.57 | 4068BT 0.38 | 74365 0.70 | 7415241 042 . 74174 07 ; .04 5.888200 180] P package ^ - 
40188 038 |45448 2.11 | 4069ህ6ፐ 038 | 74367 106|7448242 042 | ТАНСМОХ 0.24 ИЕ 085 የአ ግፍ Ta Ier eee 740181 394 144148 | 003 |6000000 102 Programmeple tor 1 C05101– 330 
40198 0.26 45475 1.68 | 4070BT 0.38 | 74393 2.94 | 74135243 0.42 | 74Н005 020 i | у “| 1N4149 006 | 6.144000 — 1.02 i UPD43256AGU10L 
i 5 s 4 74HC4016 0.44| TAHCT646 1.11 | 74181 4.48 |740157 3.80 57 Diff.Frequency 

4020АЕ 0.36 | 45498 РОА | 4071BT 0.38 | 74403 РОА | 7405244 042 |74HC08 0.20) Мы, 042 zaHCTe48 240 746182 180|74С164 254| 114150 0.08 [6.400000.- 1.64 85 
40208 0:28 |45518 1.62 | 40758ፐ- 0.38 | 74423 РОА | 7405245 042 | 74НС10 0.29) с 052 ; : '54| 1ከ4446 — 0.06 | 6.552000 140 UPD43256C-12 5.60 


4 74HC11 0320 74НСТ648 1.90 742189 4.98 [746165 2.54 X SPGB640AN 
40218 0.40 |45538- 237 | 40778T 0.38 7413247 0.44 74HC4022 0,56 74НСТ651 1.64 748190 340746221 298| N47285 0.24 6.553600 121 


0.005 to 600kHz 
40228 040 |45548 6.01 | 40788ፐ- 0.38 | МИЛЕНА: | 7415248 0.68 | 74НС014 025 | 1M47354 0.24 |7 572800. 0.78 
40238- 620 145548 591 | 40986ፐ 038 79649 05 | 74HC14A 044| 74HC4024 0.50] 74НСТ652 0.00] 746191 — 320 746240 2.08] 4Na4z3gA 0224|8000000 1660 UVPROMS 
. “ЭУ | z4HC20 022 | 74НС4028 0.58] 74HCT670 1.10 747192 3.20 |740244 208 | "а [320864084 
4023ህ8 0.23 45568 0.49 | 40938ፐ- 0.45 | 741500 0.18 | 7415251 0.32 "22 | 744040 0.50 74HCT673 1.64 742193 320 746373 208) IN4740A 0.24 [8667230 ^ 12410 0083 to 1ML> 
4024АЕ 0.27 46578 168 | 40948Т 0.95 | 74.501 0.18 | 7413253 0.44 | 74НС21 022 А : : : Ps | 
А d : 74HC4046 1.54 танствав 1.10| 74F194 1.48 


UPD4364C-15 4.70 


1N4743A 0.24 |9 830400 120 27С128-25 39 
74HC27 022 . 74C374 208 j 
40248 0.32 |45588- 2.18 | 4508BT 2.05 | 741502 0.18 | 7415256 0.78 22 | z4HC4049 0.48, 74HCT4002 039 742195 224 74690 118 1“ 744# 0.24 1000000 1.10 |бравваосм 27064А-15 39 
40258 0.19 [45608 1:5) | а510вт 102 | 746803 0.18 | 7453257 оза | 74НС30 022 | 7енСа049 баар 74НСТ4002 039 72505 222 74090) 118 1NA756A 0.24 |1069500 190 [6064 to 7ጢ8ሁፎ |27025615 3.99 
40268 0.54 |45618 174 | 45118ፐ- 1.35 | 741304 021 | 74L5257#. 0.46 | 740022 022] TEER обе занстане 052 746224 ኮዐል 740903 155| 162268 009 |1100000 1101 27С256-25 3.99 
40278 030 45628 5 15 | 451281. 068 | 74.805 021 | 7458258 044 | 749042 048 | 74404052 0.68] TAHCTA017 0.68 74240 062 746906 110, 152328 0.09 1200000 092 [፡»ዕ86508ከ ИЛА aad 
40288 0.28 |,5668- 1.10 | 4514BT 2.20 | 744506 0.51 |74LS258A 0.48 | 74НС5) 0.29 104053 0.68] 7АНСТ40Р0 0.74|74F241 062 746907 110) 2348 0:09 13.87500 240 [0 00083 to чоокн 1270812012 6.48 
40298 0.35 |45688- 5.17 | 4516BT 1.02 | 744507 0.51 | 7405259 048 |74HC58 0.42) > ^o 10) 7АНСТ4024 068 742244 062| 740908. 220| 1953378 0-48 [1400000. 1,84" 27010000-12 8.92 
40308 0.21 | 45698 3.04 | 4518BT 1.18 | 74.508 0.18 | 7405260 022 | 749073 034] ^ e cnin in| TAHCTA040 070 74245 072 7469) 1442| 1993498 045 1431818/8 065 იიი: 925 66. |27С409612 РОА 
40318 1.04 |,572ህ8 0.70 | 4520BT 1.18 | 741509 0.18 | 7445268 022 | 74НС74 — 025 Се 252 7анстаоаб 2.10|74F251 062|74ር812- 1442) 152528 0-48 1474580/S 1.10 aprum |IM27C101G-20 9.80 
40328 0.70 l4573P РОА | 4521BT 1.07 | 741510 0.18 | 7405273 042 | 74НС75 0.40 I C,066 046) 74НСТ4051 0.96| 748ኮ251ል 0.66 |74С914 1N5357B 0.48 1474560 1.10 DC toD HN27C1024HG10 
40338 055 145808. 864 | 452261 1.22 | 741511 0.18 | 748275 РОА | МНЕ” 040 | зансадведоѕа| 740014062 096 74F253 0.62 746915 1N5365B 0.48 15.00000/5 1.10 | ШАД MEET. 
4588 3.85 | 45288T 0.88 | 74.512 0.18 | 7405279 0.33 i p , у 1N5366B 0.48 | 16.00000 1.02 7! დ 40 
74HC4067 4.72| 74HCT4053 0.84 74F257 0.62 |74С922 1N53708 048 16000005 120 TPK CE-0944 5.60 |Н27С646-15 42 
1ከ53808 0.48 |18.43200/5 1.10 |SW5R 15-15 2750 |HN27C64G-20 4.20 


40358 0.39 744085 0.48 
45828 3.85 | 453480 РОА | 741513 0.19 | 7415280 0.86 74ዘ64072 0.45| 7АНСТ4059 2.24| 74F257A 0.66 | 7492 
40368 2.57 |абвзв 0.86 | 45388ፐ- 1.05 | 741314 0.24 | 7415283 0.45 | 74НС86 028 | 6803 1452808: 7:048 818,010: 2940 НО 42 
.11 |19.66080/5 1.20 ' 5g 
1N5402  0.11]20.00000/5 160 HN4827128G-25 4.58 


74HC4075 0.32 TA .84| 74F258 0.62 
40378 1:27 |абвав 0.57 | 4541BT 1.05 | 741515 0.38 | 7415290 0.48 | 749093 — 044 | ^, та 0.46 тоста 2и TAF258 РОА, eara 
40388 0.78 |4585B 0.49 | 4543BT 1.02 | 74LS20 0.18 | 7415292 16.86 | 74HC107 0.39 |" ioo. 064| 74ዘርፐ4067 493|74F260 0.78 6258 1 Watt DCÍDC 
40398 3.22 |4597СР 6.90 | 45558ፐ- РОА | 741.521 0.18 | 7413293 0.38 | 74HC109 035 · CC 0.68 36) 7269 7.48 1N6287A 1.55 |22.11840/5 1.68 вре HN482764G 3.80 
40408 042 |45588- 690 | 45568ፐ 1.05 | 741522 0.18 | 745294 1762 | 74HC112 040 | 74904316 0.99) 7аНСТА075 0.36 747205 748 ከከ 14825 160 |24.00000$ 182| 5V input Output |М2716-1Е1 3.50 
40418 041 дедов 560 | 45858+ 095 | 74L524 058 | 74L5295 1.11 | 74НС113 040 | 74 мы ў 1አፀ25ል 1.34 [27648003 1.20]  DIL&SILby |мы2732К 440 


















4041UB 0.32 |47208 РОА | 401088T 0.53 | 741826 0.18 | 74,9285ል 115 | 74НС123 0.40 | 7404511 O55 7444674318 068 747280 088 |74500 — 044] (ከ827. 1.40 [30:000005 699 Newport М512764К 3.30 
40428 032 | І 15 | 74፡0125- 040 | 74НС4514 1.38] 74НСТ4351 1.04 746283 0.92]24502.- 044 NMAO505«5V ე 
0 4720У POA | 40244ВТ 1.35 | 741527 0.18 | 74LS298 0.98 185252  0.20|32,00000/8 1.40 MBM27C64-20/21V 
4043B 0.36 : ў "sa | 74НС126 047 | 74HC4515 1.42 74НСТА510 1.54 74299 РОА |74503 0.51 - NMA0509:9V በ 
47238 POA | 4037ЗВТ 2.34 | 741528 0.24 | 743299 1.53 74НС4518 0.80| 74НСТ4511 094 74323 РОА 5082-2800 0.66 48.00000/8 1.68 4.9 
4044B 0.26 |4724в 1.90 74.330 0:18 | 7413921 362 | 74HC131 0.52) 2.1 ооо 072 742350 10 /4904 042] 5082-2810 140 |5 Series ከአላአ0512።12ኛ |MBM27C128-30 4.24 
40458 0.94 |a731vP 9.80 | ллы 741331 158 | 415322- РОА | 74HC192 032 | 760452. 000 74IC14514: 1 ፳6 74352. 054174808 0.42) 5082-2835 044 ММАО51515У МВМ27С256-30 5.10 
40468 0.42 |4737ነ 18.28 74.832 0.20 | 74.8322ል РОА | 74HC133 0.92) 5 ола 0. TOTIS 290 74353 114174809 0.48, AATI9 — 060 იას ჩიით იი 9008: NMC27C2560-25 
4047B 0.38 |4736ህዞ 18.50 | 7400 036 | 74LS33 020 | 74.5323 324 | 74НС137 0.76 VAR ARAS M crane bee а 13 74810. — 098] АА144 0.72 49 
40488 0.82 |4750VD 28.50 | 7401 0.30 | 740537 0:18 | 7413347 286 | 74НС138 0.34) соот 101 ol 746366 139174811 048 AAZIS 0.58 19504800 823 DC/DC Converters  MMC27C640-25 3 
40498 024 |47боур 2925 | 7402 0.34 | 74.538 018 | 715348. 1898 | 74НС139 031 -01| 74НСТ4538 1.02 749820 0.48|АА217 0.58 030720 699) by Computer |тм52516Ј1-45 4.58 
ህ8 0. у танС1а1 0.61 | 74HC7002 1.01 74НСТ7007 0.39] 742367 1.48 |7453 7 1.000000 3.95 Products . 
4049UB 0.28 |4753УР РОА | 7403 0.34 | 741540 018 | 7415352 1.68 2 078 AAZIB 048 TMS27128JL-25 4.60 
40508: 0.ጋ2 68 | занс147 061 | 74HC7032 1.01| 74HCT7046 2.80|74F368 1.30 4540. 025 1.843200 3.71 |PM623 2460 В በ 
4754VP РОА | 7404 0.40 | 741542 0.32 | 7405353 1.68 BAV1O 008 TMS2716JL-45 4.6 
40518 034 |4754УР РОА | 7400 040 74540 032 748363 aSo |танстав 055 | 74НС7266 0.84) 74НСТ40102 243 TEn 0.62|34551 036 Bavas 4598 12:000000 ^ 4.65 [ኮህ671 26.70 | PD2256D/21V 5.60 
40528 0.33 |40097 062 | 74066 обв | 74.547 055 |74LS364 POA | 74НС151 0.40 ose 10 ከሰ pe a 148 ያን 0.62 74864 026] BAWe2 0.06 |5097152  $.71|PM672 26.70 ህቦዕ2732እ21ሃ 4.99 
40538 0.34 146035. 062 | ሃ48ል- 072 | ሃብ946 05а | 74.96 020 | 74HC183 0.40 | 74НС7292 110] 74-140104 271 748377 092 табла 0.98 gaxte ი.იც 745/600 1.92 ኮክ90ን 44.00 |UPD27C256D-15 5.80 
40548 0.68 |40098 062 | 70 028 2:54 +899 | 74 83658 080 | 746154 0.98 | 74НС7294 1.10] 74НСТ40105 1.82 74378 1.56 74986 1.12 88204 032|2500000 192 РМОБ 46.50 | ህቦ027ር5(20-15 6. 





069 | 74HC40102 1.10 


742381 3.68 
74HC40103 1.10 | ин иды 


40558 0.62 |40101 POA | 7407А 0.65 | 74.551 0.19 | 7405366 036 | 74НС155 74396 рса 1745112 1.08] 88212 2489000000 225 | ARNE |UPD27C640.25 4.99 
SURFACE 745124 2.42 ВВАОБВ 0.22 


40568 0.48 40102 1.20 | 7408 0.37 | 74.864 0.19 | 74LS366A 0.42 | 74НС157 0.42 








40598 298 [40103 068 | 7408 067 | 74.555 032 | 74-8967 029 lee ae 7AHC40105 1-40 мот Ta eb Tee 098 88609. 060] ЧОН METAL FILM EEPROMS 
40608 0.38 74 .64 "98 (7491338 0773] BY179 042 0.25, 1% 
40105 1.82 | 7410 0.35 | 740573 040 | 74LS367A 0.34 00! 00 
Ее 215155 74НСООМ ^ 0.32 745412 РОА 3.2768 1.66 4 
4063B 0.42 |40106 020 | 7412 0.64 | 7ጧ873ል 0.48 | 7413368 038 | 74HC161 0.42 52:2 танбо2м 032 74-43 РОА| 748134 155 BY260-200 3.58 13-579545 1 58 |E24 Series 28С64-25 9.80 


40668 027 |20107- 0.42 | 7413 076 | 740574 022 | TALS368A 1.72 | 74НС162 0.64 |^. rne 


40678 1.85 74HC163 0.42 
40108 РОА | 7414 072 | 7415744 0.24 | 7415373 0.38 
40688 0.20 |40108 РОА да] атеље“ 066 | 74-34 044 | 746164 042 7АНСТОР 022|74HCOAM 032 748521 120 


танстоз 0.26 74HCUO4 0.32 746524 РОА 
406908 0.21 |40110 1.04 | 7417 0.48 | 741876 0666 | 745375 0.42 | 74НС165 055 


40708 0.21 |49114 262 7420 037 | 74 576А 072 | 7405377 066 | 74HC166 068 | 74HCTO4 0.22 74HCOBM 0.32 747533 1.20 49157 172 05160 0.40 METALFILM  |፡2816ለ0 5.1 
40718 020 р 98 | 74HC173 0.76 | 74НСТОВ 0.22/74HC10M 0.32 742534 — 1201745163 — 260 Mvi404 1590 1, 5-9 240 X2816AP-25 5.10 
40116 12.48 | 7425 0.59 741577 042 | 7415378 0.98 74ዘርፐነ0- Q2 74HC14M — 036] 7ሇር37 160 | .90 | 1200000 1141 PRECISION : 


40728 0.20 40117 180 | 7:26 0.48 74LS78 0.32 | 7448379 09 | 74НС!74 042| НОПО 022 ЗВ а 190 745174 0920 MV209 — 120 1400000 - 225| 625 WATT 0.1% |X28640P.25 (220 


749138  0.88| BY261-200 3.98 |5 обавоо 225 |10R to 1M 3p each |28064-15 10.98 
745139 — 0.88 BYV28-100 0.99 |5 664320 149 |N.B. Min Qty. Order |28С256-20 2584 
745140 0.78 BYV32-50 1.60 |ፊ-000000 114|Ми. 5005 per value |280256-15 27.50 
748153 1.20 CVBB05 0.60 | (000000 225] ~ 28С256-150С 28.54 


0.22 | 74HC03M 0.32| 74F432 POA 











4073B 0.20 |40147 123 | 7427 059 | 741583 039 |74LS381A 496 | 74НС!75 036 748175 1.35] Од200 0110 E96 Series 24001 152 
40758 0.19 140160 0:54 | 7430 035 | 74L583# 0:9 | 7458385 348 | 7440181 164| АНТА 028 D 036 747539 1.60 |748182 3.29] OA202 0.20 16:00000 ከል 1008 to 255K 24602 2.10 
40768 042 |40(61- 064 742 0.45 | 741985 038 |4LS386 098 | 74НС!82 059 | 742120 0.20 74НСЗАМ 026) 742640 1.98 |74589 214] 0ტ47 9.14 24 00000 1:90 [Price: £0.94 each | 24004 2.98 
40778 0.20 |40162 054 | 7437 059 | 741586 027 | 716390 0.46 | 74HC190 087 | НОТА 0.26 ው 746541 4951748195 — 240] CASO 0.14 | secos |240:18 5.40 
40788 0.21 40463 054 | 74358. 049 | 741590 040 74LS393 040 | 74НС191 052|74НСТ27 0.26 стом 0.34 742543 3.98 |745240 1.00| РБКЕЗБА 0.68 UM-1 HIGH PRECISION |28С04А-20 440 
40818 0.18 | 40174 034 | 7440 077 | 74891 РОА | 7415895 066 | 74НС192 077 | 74НСТЗО 0.26 Са 08 747544 РОА 745241 1.12 P6KE47A 088 NON-INDUCTIVE |59С11 

40828 020 |40175 047 | 7442 055 | 741592 РОА | 74LS395A 094 | 74HC193 0.54 | 7АНСТЗ2 0.22 ен 748545 РОА |уабраа — 177 RECS3A 040 |8.000000 225] WIREWOUND |93C06 

40858 0.38 |40181 РОА | 7445 1.20 | 74.593 0.44 | 7415396 РОА | 74НС194 067 от 046 74HC125M 046 АГ РОА [749257 1.22 ZPD27V 0.06 [8 192000 2.02 | 0.15 WATT 0.1% |93С46 

40868 038 [40192 062 | 7446 153 | 741995 048 | 7418998 РОА | 74HC195 0.47 | 74Н0Т73 үз 74HC132M 0.42 ipa Hs rc =, 126 1000000 225 

40898 058 40193 074 | 7447 0.98 | 74LS96 0.82 | 74LS399 0.81 | 74HC221 0.44 " | 


92 |745260 0.70 
045  TAHCT75 0.36 7AHCI38M 0.38 746570 798 ZENER DIODES | 11.00000 2.25 | Temp.Coeff3ppm | MISC. MEMORIES 


748273 2.44 MISC. 12.28800 2.66 |108,508,1008,2508, 
40948 0:28 |40195 224 | 7451 057 | 74LS107A 038 | 7413445 РОА | 74 C238 0.64 | 741C186 060 TAHCIBAM баа 7890 ОА 748274 545 3800000. 2251104100 Saa 
4095B 0:70 [40240 262 | 7454 072 | 7413109 0.28 | 7415450 10.68 | 74НС240 0.44 ን 1195 +058 YAHCTBTM" (0:38| 726621. БОА 745280 0996] BZY93C7V5 2.66 | 17.73447 2.80 |Price: £3.85 each |АМ2148-450С 
40968 1.10 140244 136 | 7470 054 | 74LS109A 0.32 | 74LS461A 7.16 | 74НС241 0.44 ነ у 


745283 1.90] BZY93C15 2.66 | 18.00000 2.50 | -- --------- |AM27S281PC 
40978 2.75 |40245 136 | 7472 038 | 7416112 028 | 7416465 382 | 74НС242 080 | 74НСТ1О7 0.40 74НС161М 0.48 74623 РОА 745374 218] 87XV93C1882 66 2000000 225 | HIGH PRECISION |IOT7130LA-100P 


40938 0.24 |4094 1.82 | 7447A 167 | 7413107 0.28 | 74LS423 0.98 | 74НС237 











40988 0.40 |40257- 0.54 | 7473 0.59 | 74LS112A 0.34 74L5467 7.78 | 74НС243 0.88 ЩЕ oas рели 048 ee EAE 748394 2.10 BZY93C20 2.66 |21.00000 ^ 225| NON-INDUCTIVE POA 
4099B 0.42 49973 110 | 7474 053 | 7415113 032 | 74.5468 7.78 | 7490244 0.43 НСТ 30.4 | TaHCTTSM, 098  /4-801 886 749412 — 2.10] BZY93C24V 2.66 | 24.00000 280 WIRE WOUND  |!DT7132LA-100P 
4104P 10140394 1 10 | 7475 0.67 | 74LS113A 0.38 | 74LS469 6.10 | 74НС245 0.44 | ; ОА | 743436 2.62) BZY93C33R 2.66 0,33 WATT 0.1% РОХ 


41608 0.65 |45026 4.42 | 7476 0.72 | 7415114 0.32 | 74LS469A 6.70 | 74НС251 0.35 ДЕН Е НЗ 058 Шы ROR 745437 2.62 BZTO3C120 0.40 | CRYSTALS MISC. MB8414E 4.99 
41616 0.65 |45027 6.99 | 7480 1.26 | 74L5114# 0.36 | 7415490 2.85 | 74HC259 052 | „IC 32 0.50 74-C240VIM 0551 746827? 4481745472 2.32) 82X61C9V2 0.09 Temp.Coeff3ppm |МСМ4027АСЗ 2.80 


41748 1.27 |45028 449 | 7483 1.10 | 745122 039 | 74,8491ል 12.82 | 74НС257 0.47 : 748734 2662] B2X61C24V 0.09 | HC43/T 18,58,108,208,508 |NB2S126AN —— 2.49 
Й 2 f 5 TAHCT137 0.52|74НС244\ММ 0.55] 742841 4.48 1.000000 6.99 price. са 60 ear 
41758 1.14 |45040 РОА | 7485 0.68 | 7413123 0.36 | 7413502 РОА | 74HC258 073} DUCIT 0-22|የ4ክር246ልሆ/' 062| saposa 4292 ყოუ ZENER Diopes NB28153N 5.80 
REGULATORS 











41948 1.43 |45041 РОА | 7485 053 | 7aLS125 028 | 7418540 080 | 74HC259 065 400mW N829181AN —— 6.0: 
А - А .45 7АНС251М 0.42 
4409P 11.05 |45100 POA | 7490 076 | 74 $125А 032 | 7425541 080 | 74НС266 036 ELS ha იქი 0.80 А РОА 2.4V to 75У MINI CYLINDER |. сод аон, 2508. |NMC6504.9 3.40 


4410P 16.45 74НС273 054 А ісе: 0.032768 0.88 d 
45106 788 | 7490A 1.34 | 7415126 0.32 | 7415569 РОА | 74HC273 0.54 | "CI 0.52|74НС273ММ 0.55 Price: 6p each 5008, 8, 2K, 5K, |NMC9306N 1.4 


. 78008AP 1.15 
44116 2158 |45109 РОА | 7491 266 | 74LS126A 0.36 | 7413573 1.34 | 74НС279 051 |7ЗАС SERIES | 10K,20K ፻51011-1 3.90 
| | ‚44| TAHC367WM 0.53| КУЗУ 7805 0.28 WATCH : ქ 
4412FP РОА [45138 POA | 7492 067 | 7415132 029 | 7415574 134 | 74HC280 069 | 74НСТ15З 0.4 7805А 032] ZENER DIODES 0.032768 0.82 |Price: 53.10 each ^ |TBP18SOSON 1.74 





















































.24| 74HC373WM 0. 
4412FL РОА 45145 10.04 | 7492A 1.12 | 7415133 0.18 | 74.3590 465 | 74НС283 0.58 ገርን aaa 74HC374WM 955 ТААСОО 0.38/7805FA 045 500mw TBP24910N 2.90 
4412VP РОА |45146 РОА | 7493 0.68 | 7415136 0.38 | 7415592 5 28 | 74HC298 0.73 | 7158 o 7აC39იM 0571 74АСО2  0.49|7806 0:28 | 24V to 200V CRYSTA TBP24SA10N 3.19 
4416Р РОА 145151 19.50 | 7493А 0.70 | 74LS137 0.98 | 7455593 6.79 | 74HC299 1.09 T ;se|v4HCa93M  0.53|74ACO4 — 0.40 | 7808 028| Price: 6p each | ВЫ ፐር5801ዞ 559 
4419ሞ РОА [45152 21.45 | 7495А 1.10 | 7445138 0.31 | 7405595 4.85 | 74НС323 158 რეც. 082 74HC540WM 0.76] 74АСОВ 0.40 | 7809 0.32 OVMAMCRAM JTossosap2 заа 
442908 РОА 45156 15.80 | 7497 5.23 | 7415139 0.34 | 7415597 445 | 74НС354 0.55| „IC I TAMCSATWM 0 76] 74AC10 — 0.40 | 7812 0.28| ZENER DIODES ከ Di TCSSI6PL-15 420 
4433P РОА agis; 14.38 | 74104 067 | 7458145 0.66 | 748821. РОА | 74C356 065 [т osol 74ዘር873ለበለ 109|74እር11- 040178128 0321. _ 1-3 WATT Plastic Peg 416410 1440 [ፐር5817ለዎ2 420 
4443P РОА [45158 11.94 | 74107 060 | 7415147 266 | 74.8622- РОА | 74НС365 በ41 | "1163 056 i у ‚32| 27V to 200v Е 120 |1055650L-15 360 
4447P РОА |46159 POA | 74110 РОА | 7455148 0.83 | 745623. 2.98 | 74НС366 0.52 | 74НС7164 O.S2/7AICSTAWM Ова ААСТА 040 7812С1С 032) ይዞህ: Ans spaces at а 18615. 120 +M54014)ხ. 340 
4468P РОА 45 ее O32 | 76624 210 | 74HC967 በያ | 74HCT165 0.52 74+C688VVM 0.84 |74А020 040 [7815 0.28| Price'10p each | comers of 8pinDIL |41256-8 2.40 
4469P РОА |49408 273 | salts POA | 245153. 032 0705024 say | тансзев 0.52 | 74НСТ166 0.52/74HC4017M 0.48 74АСЗ2 040 7818 0.28 NER DIODES 41256-10 240 
4489P РОА [ватт РОА | 74119 РОА | 74.5154 112 | 744626 РОА | 744C373 0.46 | TAHCTI7G 0.52 740რ4ემიM 048 TAA балта 028 Freq.= MHz 41256-12 240 ШОССЕ 
4490P 3.20 |45411 „РОА |7409 РОА 705154 034 | 74967 pon | зансзта 0.44 | 74HCT174 0.52|74НС4040М 0.44 74ላር109- 0.64 |78005 024 3.0 МАТТ [4 4952 8,10, [41264-15 2.24 | 521723091. 
4495Р 6.27 |45428 РОА | 74123 0.94 | 7415156 038 | 74.5628 178 | 7490375 0.76 | 74НСТ!75 052 74НС4046М 168 የሰላ 20:81078 08А. 5020 лах юта 12/108 20 Anemie 9956 
4497P 13.58 | ваза POA | 74125 067 7415157 038 | 7445629 198 | 74HC377 0.51 | 74НСТ1В1 3.24 74НС4060М 0.48) 74AC136 0.65 | 78L05#CLჩ0.40 Price:40p васп | Price: £2.98 ea.  |41464-10 — 4.45 | Multilayer Ceramic 
ЧОБ: 1859 454 4 067 | 745157 0.38 | 7455629 1.68 | 742577 083 | 741182 Q96|74HCAOGOW 0.84  74АС139 0.65 |78LOSACZ 0.28 | ZENER DIODES 4464-10 2.80 |63 VOLT 
45440 РОА | 74126 098 | 74.5158 034 | 7445631 РОА "29 | 7 ዘርፐ180. 0.64 749C4538M 078 74АС151 0.68| 78412 028  50WATT |24 32.408 414256A-70 3.90 |Case Size: 1206 
46008 19.45 74HC390 0.38 ,32, 40 
45441 РОА | 74128 1.19 | 7405160 0.48 | 74.5639 РОА 28 | ፡ፐ181 064 74ACIS3 0.65 |78112А — 0.28| 3.3У 102000 | 50VM> 440256ል2-10 695 |L2xW1.25mm 

45018“ 0:32: 74132 066 | 74LS160A 0.54 | 7415640 0.98 | 74HC393 041 TAP SERIES Price:42p each | Pri | 
45028 0.38 | (იელვებს 74:45 1.16 7415161 046 | 74.8641- 0.98 | 74НС423 0664 | 74907192 0.94 Е 2551662340 88. | ||4402568 "5001. ሪም 3968 
45038 038! ШЫНЫ 74150 1.86 | 7ብ6161ል 049 | 74L5641-1 128 | 74HC521 095 | 74401193 0.64 74200 028 АСТЕ: е ZENER DIODES |. МАНЕ თ 4 ቁ 
45048 1.12 ТТИ 1 ‘ав | 7АНС5ЗЗ 0.95 | 74HCT194 1.13|74F02 ტიც | 2240193: 7000 78024: 028 Bpin DIL |HM48416AP-15 

74151 060 | 7443162 0.48 | 7415642 098 749061495 116 74АС169 198\7els6 110) STUD MOUNT 100рЕ 220pF 330pF 
45058 4.42 | 400181 032 74181ል- 0.80 | 74Е8162А 1.07 | 7415642-1 POA | 74НС534 069 | "4 ረፐ195 116 одо 0.28 74АС174 0.65178ህ05 — 032|  20WATT Sealed Маш! 4.60 | 470рЕ 1000pF 2200pf 
45068 1.14 | 40028ፐ 0.32| 74153 090 | 7415163 042 |74LS643 РОА | 74НС540 0.69 "98 7406 074 7446175 - 060 | 78M 34 | 7.5V to75V Package  [HM48416AP-204.25 '3300pF 4700рЕ 
45060 1.14 | 40118T 032 74154 — 216 | 74С5163А 0.47 | 7449643 РОА | 74HC541 060 | 74HCT297 0.94 7ዩ07 074 О 136 NES | Pres eA pagan | CMOS Output: |HYS9C258L8:80 .. 10000, 
4508B 1.14 | 4011UBT0.32| 74155 081 | 7415164 034 | 7415645 1.12 | 74HC563 0.88 | 74HCT238 0.514608 028 3440240 092 MAIER 032 ቁ ከ ር 1.60 |22000pF 33000pF 
45108 054 | 40128 0.32 74157 074 | 7416165 059 | 74166451 128 | 74НС564 0.88 | 74HCT240 0.55 24610 028 244C241 082 78013 086) prince (192mm sa HYS3C464LS-80 — |Price: 159 each 
45118 044 401901 0.45 | 74158 157 | 7415166 0.59 | 74-3646 5.85 | 24010578 064 Стен 076 ТАЕН 029 | 74АС244 0.92 7865 622 RECTIFIERS |с, ፍቸ ари. НҮВ511000. 85 845 47000pF 100000pF 
4512B 0.38 | 40158T 0.84 74HC573A 0.72 . К ს Comers OfBpu Ds р P 

74159 3.98 | 7405168 0.75 | 7415652 РОА An 062 74እር245- 1.10|78905 ^ 048 Price: 180 each 
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-0165-5 10.96 | 8ል88155-ኮ — 3.82 |TIL 100 1.98 ICL76110CPA LM340TS NE536H TLO71CP 0.64 BC182 0.08 | BFW10 
ШЫ БЕДЕ 4.20 | ЅАВВ259АР 3.59 | ኸዚ111 0.60 ICL7621DCPA 1.98 | LM343H 8.80 | NE5530N 3.82 | TLO72ACP 1.48 75107 1.02 |ВС182А 0.08 |BFX48 0.49 
03-64029 6.16 | 8ል882054-2-ሞ 4.12 | TIL113 0.60 [7622 POA | LM346N 3.96 | NEB532AN 1.58 | TLO72CN 0.50 | 75107A 102 |8C1828 0.08 |BFX85 0.59 
100114DEC — 740 „ევ აკის 8.89 | SABB2CSSA-2-P 4.80 | ТИ 117 0.85 ICL7650CPD 4.98 | LM348DP 0.40 | ኣፎ5532ክ 0.80 | TLOT2CP 050 |75108 180 |8C182L 0.08 |ВЕХВЕ 030 
1001410C 9.90 ноз-64959 8.89 | 5C80C45460ი6413.60 TIL119 1.20 ICL7650SCPD 6.27 | LMM348M 0.40 | МЕББЗААМ 1.80 | TLO74ACN 2.85 |?5(08ል 184 |BC182LB 0.08 |8፻ኗ89 1.59 
630348, 8.76 | 4044883 9.52 | SCN2661bc1n28 3.35 | TIL311 9.65 10176528СРО 8.24 | LM350T 6.85 | NESSSN 020 | TLO74CN 0.84 | 754088 208 |ВС183 0.08 | BFY50 0.34 
6321წ 420 | нрав5055Р 9.85 | SCN2661ccn28 3.36 TLPSO4A 158 ICL7652CPD 8.24 | LM351N 2.60 | NES56/SMD 070 | TLOB1CP 048 | 75109ል 246 |8C183C 0.08 | BFY52 034 
63485CP32/sm 19.95 | | 046802ዞ 5.50 | PALI6R4-15CN 2.98|TLPS21-4GB 420 ICL7660CPA 1.40 | LM358N 0.32 | NE556N 038 | TLOB2CP 0.48 | 75110ል 136 |BC!83L 0.08 | BFY90 0.92 
B3BO3XP 10.07 | НО6З21Р 4.20  TLIBCSS2EN 1258 | TORX173 4.96 ICL7660SCPA 3.80 | LM359N 4.68 | МЕББВМ 228 | TLOB4CN 048 | 75113 302 |8C6184 0.08 |88107 028 
8502. 3:98 | нрезав5р5з2 32.50 | TMP7002NL-2 4.97 | TOTX173 4.96 ICL7662CPA 4.40 | LM360H 7.72 | NE564N 3.42 | TL27L2CD/SMD1.98 | 75114 304 |8C1848 0.08 85170 038 
6502A 5.40 | НРЕЗВОЗХР 11.95 | TMP8085AP-2 5.98 ICL7663BCJA 6.78 | LM361M/SMD 640 | NES65N 2.94 | TL497ACN 3.44 | 75115 Yeo |BC184L 0.08 |BS250 052 
6520P 440 | н068000-8 11.59 | TMS3477NL. 6.68 ICL7663BCPA 5.10 | LM363H-100 16.50 | NE567N 0.65 | TLS07CP 4.03 | 75116 3.30 |BC184LC 0.08 |85860 0.48 
8522 4:40 | црбва55р 6.92 | TMSS700NSB 8.78 ICL76G4CPA — 7.95|LM369DN 3.82 | NES68N РОА | TL7702ACP 2.04 | 75121 260 |BC212-18 0.08 |BSx20 0.38 
6522А 526 | НОбВАБ2Р 5.60 | TMS3702ANS 8 78 |56308/488 3.40 (017665ልርዞል 4.98|LM369DRC 370 | NES70N 4.60 | ቪ7705ልርጅ — 2.04 | 75420 POA |BC212A 0.08 |BSX21 0.48 
8551 443 | 068829 4.29 | TMS3835ANS 7 55 | 49620/88 РОА ||С17673СРА 1.38 | LM3BON 1.20 | NES71N 3.40 | TL7705CP 204 | 75136 зло |BC2!2B оов | 85X61 1.85 
85612. 449 37595 20.98 | TMS77CO!NL 10.74 | 595-TIMER 020 | (ር18052እርዖ0 873 | LM381AN 7.88 | M6589M 4.25 | TL7709ACP 2.04 | 75436 440 |8C212L 0.08 |87136-600 1.10 
65С02Р2 5.84 | НІЗ-7159А:5 23.40 | TMS9900NL — 24.40 | 6341-13 POA | |ር(8068እ/0. 11.38 | LM385Z-1.2 2.20 | NES@2/SMD 180 | TL7770-SC — 3882 | 75.40 265 |8C212-8 0.08 | BUW46 4.94 
65002P3 6.98 | НМ10422 14.30 | TMS9901NL 14.16 |741-ОРАМР 0.18 | ici вовоссво 3.75 | LM3852-2.5 2.20 | NES92N 1.40 | TL7B3CKC 5.10 | 7150 180 |BC213 0.08 |80211 1.60 
85010222 7፡00 | овесавн 1706 | TMSS902ANL 15.94 ADOPO7CN — 214 | 18069050 2.88 | LM386M-1/SMD 1.65 | NES92N14 0.92 | TLC2201CP — 375 |72180, 265 |8C213L 0.08 |8ህ211ል 162 
65С22Р2 480 | (МБАОРАЈР. 10.20 | TMS9914ANL 23.10 | ADS20JN РОА | ICLB069DCZR 2.88 | LM386N-1 1.40 | NEGO2AN 298 | TLC2274CN 265 | 75452 636 80214 0.08 | BUZ47A 6.90 
65051C-1 3.80 | IM6402|0L 775 | TMS9928ANL 7.40 | 40524 21.52 | ICL8211CPA 2.56 | LM386N-3 1.80 | M6602M 2.40 | TLC251CP 2.54 | 75454 175 |BC214L 0.11 | 214 1.14 
GOBIE 2 438 | IM6403IPL _ 10,80 | TMS9995JDL 68.65 | А0534ЈН POA | ICL8212CPA 2.48 | LM386N-4 2.60 | NEGO4AN 824 | TLC2652CP 492 |75154м 175 |BC237 0.08  IRFZ20 1.77 
68000P-10 698 | М52600Р-15 440 | ЏАЗБЗБАСР 1.98 | AD537JH POA liom7170IPG 642 | LM387AN 590 | NEGOSN 860 | TLC2654CP 4.84 | :5155 120 |80229 0.12 |J113 039 
68000Р-16 18.20 | |ከ58250ካ 7.80 | ህል9637ል 1,98 | ADS48JN 1.80 |CM7207AIPD 6.42 | LM3B8N-1 — 425 | NEG!2AN 2.87 | ቪር2716ይ 0.84 | 2587 440 186307 008 |J175 0.68 
880000:8 6.50 | NS8250N-6 780 | UA9638CP 168 | ADS78JN POA | (ዕክ7207ዎዐ 6.42 | LM389N 3.40 | NUM4556D 1.20 | TLC272CP 1.30 | 72126 545 |BC327 008 |J270 0.92 
68008Р-8 7.85 | МЕМВ2СБТАР 4.20 | UA9639CP 1.98 | ADS81JH 6.92 | ICM7209IPA 3.75 | LM3900N 1.60 | NJMA5SBDX 1.20 | TLC274CN 2.40 |751в0А 595 |80328 008 | JA101 0.48 
68010212 РОА MS5M82C54P-6 540 | UMGB45B — 465 | ^DS8!KCSA/SMD9.S7| (ČM7211AMIPL 4.68 | LM3909N 2.64 | OPO7CJ 3,60  TLC339CN 1.98 | 7616» бат 180337 0.08 | MBD501 110 
6802P 3.40 | МАВВОЗ1АН12Р 4.56 | UM9151 РОА | АО585АО POA | ICM7211MIPL 4.68 | LM3914N 440 | OPO7CN 095 | TLC372CP 1.40 | 73162ለ 759 |BC337-25 0.08 |MJE13070 1.10 
ይደበለም РОА | МАВВОЗБНЫВР 5.98 | UM9151-3 РОА | AD592CN РОА | |См7212АМІРІ 3 88 | LM393N 030 | ОРО7СР 095 | TLC551CP _ 368 | 751726 368 18489 0.24 | MJE340 0.68 
6505535 1098 MC10103P 1.98 | 906882386 РОА |АО594АР 12.64 | ICM7213IPD 4558 | LM393P 0.30 | 060766 зло | 1L655566–6XVCდ 0.65 7217 368 180490 0.30 |MJE350 1110 
6810F POA | Mc10115L 321 | UPB&282C 4.98 | AO595AD 10.20 | ICM7216AIJI 22.44 | LM394CN 598 | OP11GP 5.85 | TLCS56CN 158 | 75174 320 |BC516 0.22 | MJES20 0.80 
6В21Р, 152 | МС10115Р — 1,98 | UPB8284AD 4.98 | AD648JN 840 | ICM7217AIPI 920]1М39992 276 | OP177FP 3.71 | TLC75240N 524 | 1746 368 [80517 0.20 |MPS3638 0.18 
68400 340 | мСтаввоѕе2р 9.18 | ЏРВа2в6С  4.98|ዶ0707,ኣ 3.40 | |СМТ2Ч7ВЫ 10.42 | LM399H 7.85 | OP27GP 2.89 | TLE2061CP 220 | 75125 260 |8C546 0.05 |MPSA06 0.12 
свие 1720 | МС6ВОООР 12/16 РОА | UPD70108C-10 9.10 | AD711UN 2.34 |(омтита 10.42 | LM4250J 1182 | 064267 7.44 | TLE2062CP 340 | 96176, 160 |BC546A 0.05 MPSA13 0.12 
ደዉ. 4.86 | мС68010Р10/12 РОА | UPD70108C-8 6.95 | AD712JN 3.72 | icm7218Alul_ 6.85 | LMS55CN 0.28 | OP77GP 2.07 | TLE2064CN 3.45 | 751768 228 |805468 0.05 |MPSA63 0.32 
69458P 5.40 | MOGgoap 2.47 | UPD70116C-10 12.90 | AD7245JN/KN РОА "i cMz248AIp| 6.85 | LM565CN 7.48 | OPO7CN 0:95 | TLE2161CP 2.42 | 75176Вт 498 |BC547 0.08 |MPSA92 0.24 
882008 POA | Mცნგიყი 678 | UPD70116C-8 820 | AD741KN 3.69 iCM7218DUI! 685 | LM710CH 2,80 | РМ7БАВНР 18.20 | TMS3477NL 5.96 | 75177 260 |BC547A 0.08 |MPSUOS 221 
88000. 430 | MC68216 180 | 420710556 4.ვგ А07523КМ 980 | ICM7218EIJL 1476| LM723CH 2.80 | ясмзем 0.98 | TPIC2M06NE 714 |75177 260 |8C5478 0.08 | МТРВРОВ 2.80 
ВА. 1.98 | #C6840ი 5.05 | ОРО7201АС 11.68 | AD7537JN — 3298 | (CM7224IPL 8.98 | LM723CN 0.70 | RC4193N POA | TPIC2802KV 8.40 | 75182 260 |BC547C 0.08 |0С147 1.80 
ОАО, 258 | ዘር6844ዎ9- 1640 | ሀኮ0720(6. 6.80 А07581М РОА | (CM7226AIJL 26.12 | LM733CN 2.65 | RCa19aN 2.85 | TPICE259N 328 |75182 260 |8548 008 [0619 185 
Е 238 | (68488 7.38 | ЏРОТЕБАС 542|А07542К РОА  I(CM72268|0L 2354 | LM741CJ-4 220 |RC42070N 1.92 | TPICE273N 3.28 | 75168 040 |BC548B 006 |0С45 065 
680609C 338 | MCeasoP 3.35 | UPD765AC 5.42 | АО7543ЈСМЕ POA | См7249ОМ РОА | LM741CN 0.45 | RC4558 0.90 | TPIC6595N 3.28 | 75186 085 |BC549 0.08 | ዕር72 0.80 
68210 dog | МСввтоѕязр 2535 | ОРО7в0Ст 4.76 |А07578КМ 4619 |ICM7555IBA 2.40 | LM747CH 2.40 | АСа558 Р 060 | ТСа26СРА РОА |79189, 085 |ВС549В 0.08 |0С78 0.80 
бевар 2.38 | МСБВАООР 7.02 | ОРОВОСЗЭНС 8.42 | ADB44AN 875 | ICM7555IPA 0.84 LM747CN 0.90 | ВЕРИСР 333 | TSOS00CPE РОА | 72351 284 18550 0.08 |OC81M 0.80 
80002. 495 МСБВАООР 7.62 | UPD8155HD 5.84 | 40C0804CI 4.20 | ICM7556IPD 1.85 LM7BGCP 240 | REFO!HP 3.33 | TSC7106CPL 6.81 | 75365 272 |8C5508 0.08 | 0C817 0.92 
50888) (2. 5:98 | ህር634ሎ 6.60 | UPD8251AFC  408|^DCOB20CCN 22.40 | IM6403IPL 10.80 | LM79GCP 2.40 | REFO2CP 398 | TSC7116CPL 525 | 33497A 326 |8C550C 0.08 |PN3643 0.18 
3.40 | MCM6810P 300 | UPD8253C-2 3.32 | АОСОВЗАССМ 10.80 | 272 2.10 | LM833N 2.82 | REFO3GP 3.69 | TSC7126CPL 5.35 | 54508 064 |BC556 0.08 |TIC106M 0.78 
8086: 3:90 | МСМЕВАЛОР 5:5 | UPD8253C-5 3.32 | ADCBO4LCWM 12.10 || 272እ) 2.10 | (8285ል8 2.40 | 866257 1.12 | TSC7660CPA 1.40 | 75451 028 |BC556A 0.08 |TICP206D 061 
80C286-12/pga 48.50 | ммезгоом 340 | 0РО8286С РОА | ADCB4KG-10 12.66 | (оозе 3.90 | 152888 3.60 | 82560ል РОА | ህ10968 492 | 75518 0.48 |805568 0.08 |TICVI06D 0.24 
800286-8/рісс 2440 | ммевтвтвм 1064 | UPD8741AD 12,52|ADC908HP 18.42 | (2074 4.69 | 157210 4.40 | SAA1027 6.51 | U20668 265 | 79492 028 |80557 008 |ዝዩ1(5 0.55 
495 | ММ58174АМ 1460 | UPDB749HC 13.98 |ADDACBON РОА || 4во5су 2.20 | LTI006CNB 2.72 | SAA1043P 7.98 | U24008 550 | 734328 048 |BC5578 0.08 |TIP121 0.68 
594 | MM58274CM 8 18 | V20-10MHz 910 | ADG201AKN 466 | (аву 3.15 | 1፲(010ርፐ- 4.58  SAA3O49P 9.92 | ህ6648 3.95 | 75453 oes |ВС558 0.08 |TIP145 137 
7.60 | MSM5832RS 339 | V20-8MHz 6.95 | АРОРО7СМ 2.32 | | 4960 3.15 | (71028ርከ8 7.32 | ЅАА50250 7.65 | UA2240PC 1.40 | 54538 064 |BC558A 0.08 |TIP2955 0.88 
7.08 | мемвосзяѕ 490 | V30-10MHz 12.90 | АНОО15СО 17.20 | [7028 2.94 | LT1032CN 4.70 | 8ልለ6002ል 1080 | ህል709ርዞ 0.85 | 75454 064 |805588 0.08 | TIP30 0.48 
2.68 | MSMB0C39/SMD6.45 | V30-8MHz 9.20 |AY-3-1270 3.60 | („6260 POA|LTIO70CT 814 | SASS60S 340 | ЏАТООРС 0,85 | 354545 0.98 |BC559A 0.08 |TIP3055 0.88 
2.68 | мемвосв5А 95 | V61C30P 780 | AY-5-1013 3.20 | | ልፀ358 Poa | LT1083CP 8.82 | SED2000FVA 9.60 | UA718HC 450 | 75462 0.98 |BC559B 0.08 |TIP31A 0.38 
2.30 | мемвосвѕа:2 5.98 | VCO106Ne 8.60 |АҮ-5-1013А 5.24 || „6540 РОА | LT1086CT 2,90 | SFC2301ADC 6.78 | UA723CP 0.70 |75495 110 |8ር560ል 0.08 |TIP32A 040 
5፡20 | M8M80C86 7660 | Z0800110PSC 16.90 |АҮ-3-10150 3.60 | | ልይ520 РОА | (ТС1052 797 | SFC2741DC 0.18 | UA733C) 298 | 75468 360 |BCS60C 008 |ዝ47 080 
1.26 | мамв1с55 460 | 20868112Р9С 3.20 | АУ-5-1250 POA | 17132 POA | LTC485CN8 2.16 | SG3524N 4.60 | UA741MP 060 | 75469 130 |BC!84C 0.08 | V275LA10 0.92 
АМ275191А00 10.20 | АЗМЕС5ТА — 358 | 2180-МРЏ  POA| AY-5-3600-PRO 9.96 | | C7599 РОА | LTC490 4.40 | SI7660CJ 1.92 | ህል741ፐር 0.28 | 75470 РОА |8CV71 0.22 |VNO104N3 . 092 
AM27S281PC 6.25 | აყMვ2ლხვ2 3.98 | Z8001B-CPU 11.96 | BA6109 1.68 | (7555 РОА | MS218AL POA | 811452 675 | ЏА7АВСР 0.36 | 75471 168 180131 0.86 | УМЕВАЕО 140 
AM2964BDC 1236 | мсмвәсез.5 3.58 | 280180085С 6.25 | 646208 140 ||[0141ልርዘ РОА | M5220 POA | SL2364C 3.97 | ህል748ፐር 0.52 | 75472 148 180135 0.44 | VM90#8 2.96 
6.36 | м5м82С54-2 4.20 | ZB0A-CPU 1.25 | CA3046 0.51 | 2135080 18.20 | M5238L РОА | 5131178 РОА | UA77000UIC РОА | 75473 148 |80241ል 0.98 | VP0104-N3 092 
398 | мемв2С59А-2 зөв | ZSOA-CTC 1668 |САЗ046(8М0) 069 | pari 10.80 | M5298P РОА |SLaB6DP 2.98 | UA798TC зво | 7547, 225 |BD242C 052 |VPOI04N2 0.98 
3.34 | МЕМЕ2СВАА 330 ZBOA-DART 3.15 | CA3054 0.94 | i F347N 2.40 | M706B1 1.25 | SL4900P. 280 | UCNS800À 2.40 | 75477 210 |80243 0.50 | VPO104N3 0.92 
3.82 | M5M82C844-2 3.60 | ZB0A-DMA 3.95 | CA3059 120 | LF351N 0.98 | MAX1232CNG РОА | SL560CDP 3.00 | UCNSB0!A 260 | 35491 068 |80516 0.78 | 2IX212 0.18 
5.60 | MSM82C88 1260 | Z80A-PIO 1.25 | САЗОТВАТ 2.42 | [(353ከ 0.86 | МАХ1232СРА 357 | 5.627000Р 330 | UDN2981A 200 | 7505175 266 (80675 0.52 | 7237 026 
4.95 | мвос286-10/рі 2450 | 2804-510/0 - 340 | 6:3079 0.88 | LF355N 1.82 | MAX1269CPE РОА | SL6700CDP 5.47 | UDN2982A ^ 2.00 | 755192 288 |80676 052 |zTxao0 0.18 
4.60 | мвоС2в6-12/р1 29.54 | ZB0B-CPU 1.52 „БАЗОВОЕ 0.70 | | -356M 1.82 | MAX162ACNG POA | $№5281СМ РОА | ህ0ከ6118ል 1.65 | 75415193) 322 |80679 0.54 |ZTX313L 0.28 
282 | ც0L 286-8C2/I36.20 | 2808-СТС зоо | CA3081 096 | [3578 4.96 | MAX232ACPE 4.84 | SN55451BJG РОА | UGN35DIM РОА | 220-529 268- 180680 0.56 |ZTX320 038 
9.96 | возм 3.68 | Z80B-DART 5.80 | CA3089E 1.22 | LF357M/SMD 4.98 | MAX232CPE 280 | 50612 0.20 | ULN2001AN 044 | 3501406 273 |BD743C 1.90 | 2IX510 0.18 
9.66 | мвовам 3.68 | 2808-ОМА РОА | CA3094AE 2.16 | LF357N 1.20 | MAX232EWE 3.80 | SP1648DG 5.53 | ULN2002A 0.44 | 756485 зөв |80785 1.12 
3.35 | МВ25126АМ 3.25 | Z80B-PIO 2.20 | САЗОӘВАЕЕ 3.48 | | “ვიც 3.98 | MAX232N 2.80 | SP4534 РОА | ULN2003AN 0.44 | 350188 120 805678 278 IC SOCKETS 
6:45 | NB25181F _ 1004| ZB0B-SIO 450 САЗОВВСЕ — 182 [Ei CN 1.6 | МАХВОСРА 694 | SPATAODP аав | ULNZ004AN 140 | 750188 152 |Воуоб 360 W PROFILE 
845 | NS16450N 4.68 | ZB0CODABG 2.98 | C#3097C 2.60 | LF412CN 1.98 | MAX452CPA 538 | SPB629DP 3.44 | ULN2O24A 1.40 | 756188ለ0 132 |BF195-C 0.08 ' 
498 | №816550АЕМ 12.60 C83120ნ. РОА | 1Е441СМ 0.75 | MAX627CPA 2.98 | SPB660DP 4.96 | ULN2032A — 140 | 786176 260 |86199 022 | №. Pin Gold Tin Gold 
59.00 NscaooN.: 10.80 |анын CAS1308T 19.20 [፡442ርክ 0.99 | МАХЕВОСРА 5.72 | ТА7215Р 720 | ULN2803AN 084 ВГ 0.16 | зрасТит sidr slor 
3.60 | возгдн 4.29 | МАДЛЕН СА3!30Е 1.10 | LF444CN 2.71 | МАХ6ЗОАСРА 6.58 | TA7256P 260 | UMs100 POA ОЕБС 5-555 0.38 | Pins-ing Pin Тай Tail 
598 | იყენებ). 11.20 | 6250880018 370 ርል3140ለሮ 1.34 | нодогом 1080 | MAX694CPA РОА | TA7368P РОА | UM5101 зво [6666ህ....6:::88ሽ კი 038| 8 03 18р вр 18р 
9.62 | P8052AH/Basic 23.45 | 70702020 5.25 | ርል3140፳ 0.44 | |4003206 33.60 | МАХбЭ7СРЕ РОА | TA7658P РОА | XR2211CP РОА & TRIACS BF259 одо | 8 03 18р вр 18р 
CDB2C86H-5 974 ავივი, 390 | 7334100124 525 | ዕል3146፻ 0.90 ||wiotAH 5.65 MAX7219CNG 7.15 | TA78005AP РОА | XTRIIOKP 995 BF324 028 | 14 0.3 319 8p 319 
COB0C286-12 48.50 | „გემნგ 2 5.98  AMATSOSGXB 4.68 | CA3160E 1.25 | им1осм 9.24 | МАЖВ211СРА 2.28 | TAS200AH РОА | 1112/71 460 |40406 160 во 012 | 16 0.3 33p 10р 33р 
0880028616 65.00 | ьвовѕдн2 әв | ВАА1508 189 | 532405 0.98 urit 6.74 | МАХӘОТВСРЕ POA | TA8410K 2.80 | 2№1445 РОА |40673 240 |8ኮ450 020 | 18 03 39p 11р 39p 
COMB136 6.45 | 8068 4፡80 | CLA2SI0GPLCCS95 | CA3240E1 2.16 | (мазвоом — 3.40 | MC1377P 493 | TABA49P POA | ZN4142 1.04 |ВС107А/8 017 ведет 0.22 | 20 0.3 45р 12р 45р 
СОМ81С17 815 рвосзувн - 454 | 9405001608. 3.20 | ዕልኃ248 9:98 | LM13700N — 340 | MC1413P 0.74 | TA8B659AN РОА | ZN415E 164 |ВСТОВАВІС 0:17 брада 016 | 22 03 54p тар 
ር 642 | 580086ለ1-2.- 1260 | (5-49258/РЕСС 5.82 | CA3260E 168 | አ41391ከ 3.40 | ዘር14411ሞ 11.36 | TAABEIA РОА | 2ከ423 220 |BC109B/C 018 | 88759 026 | 24 03 540 14р 
CRT-8004-001 9.65 | Patras 298 | MJI454BB 765 |CA3280AE 594 LM139) 660 | МСлаатв — 1760 | TBAT208 0.60 | 744258 597 |BC140-16 048 | ров 066 | 24 06 Бар 14p 
O96205, 832 | 55165 тегло | MRBTTON 3.80 | САЗ2ВОЕ 342 | (муа5вм 0821 MC14495P 4.82 | TBA2408 РОА | 244268 зев |8C146/01 058 |8ኦ481 090 | 28 05 60p 16p 
03232 5.60 | ьв205 200 | 00-1477 2:40 |СА555СЕ 020 [Mi4geN 295 MC145406P 2.10 | TBAS7O РОА | ZN428E-8 695 |BC149 040 |8(982 068 | 32 06 659 22р 
03086 5.48 | 56212 240 | 280352308 435 САТА СЕ 9.18 | LM1801N 7.92 | MC1455P 0.40 | TBAB20MT РОА | ZN420E-8 264 |BC157 034 | 66 178 | 40 06 70р 22р 
080892 880 | 56226 240 | 0:06 8801CS5502KD РОА | CMtesiN 480, MC1458P1 | 060 | TBA920 РОА | ZN449E 476 |8C158 034 |BFR53-2GÈHz 048 | 48 06 85р 
pees РОА | PB251A 390 | 04704 3.60 | CX79258 РОА | (мтавом 740) MC1458P 032 | TBA990 РОА BC1890 014 |BFRer-5GHz 090 | 64 0.75 2609 
08254-2 6.42 | воз 280 | ОМУТ6ВР5 7.98 |6(696, POA | (ህ1694ከ 416 | MC1488L 2.40 | TC9106BP РОА 86179 924  ცნცი1ა-66LC 120 | 64 09 260p 
082834 390 | pazssas 390 | OMVI8C 595 [DACOBOOLCN 4.10 | LM218H 1575 | MC1488P 0.38 | ТСАЗЗА РОА 
05286 6.48 | pasg 2.85 | ОМС" የዳን |DACOBS2LCN 1067 | мозом 3:90 | MCI489A 0.80 | ፐርለ965 РОА 
082С284-12 — 90 | h^ oA о GywaeG gag DACOBCP 260 | (V29იIM. 125 M61480%L 225 | TOMIS20AP РОА | MOTHER BOARDS - VESA LOCAL BUS (Without CPU а DRAM) 
08262848 785 | “0274 зов | QMV25C 842 | DACOBEP 3.64 | гм2903№ 1.25 | МСТАВЗАМ 0.80 | TCMI53!P РОА | Processor Chip BIOS Cache Max Expansion BoardSize Рігсе 
D82028810 10.96 | ዕይጋንፁ-5 320 | QMVGZAW! 690 | DACIOOBLCN 10.73 | (M2904M 1.25 | MCI489L — 2.20 | TCMI705AN РОА [Intel Set RAM Memory Slots In mm кор 
DB2C288-12 1185 pg2g2 264 | S34 AMI 420 DACI222LCN 20.40 | „M2017M-I4 6.10 | MC1489P 0:8 | TOM3105N — 942 
08202888 9.36) 56266 360 | 34336931 235 DG201ABK 3.83 | LM2917N-8 5.80  MCI49óN 220 |TCMSOS7N 240 [BO486SXIDX/DX SIS AMI 128K 32MB 7x16(AT).2x32(VESA) 260x220 120.00 
08748, 995 | 562654 ато | 34450250 ሁሱ 540 | DG211 156 | LM2940CT15 2.95 | MC1558L 332 | TCM5089N 2.40 |BO486SX/DX/DX2 SIS AMI 256K 32MB 760-ე 2x32(VESA) 260x220 12900 
0M56011) 245 | ი82C54-2 аво | 50:/66፤15ሮ 340 |06508АС) 3.98 || „M2940CL5 250 | MG1648P 1240 | TDA1083 260 
DP8228N 6.36 PALTOLSCN 490 SGS7P050 4.55 | 06508ርህ 3.25 | (አ ሪ584ርፐ 750 | MC1658P 12.78 | ፐርል1085ለ 296 MICROPROCESSORS CO-PROCESSORS 
DP8238N 6.36 PAL12H6CN 490 SP1450B 5.76 | DS1488N 0.36 LM301AN 0.36 | MC1709CPI 1.20 | TDA1085C 3.80 80286-16MHz INTEL £65.00 80287-8 INTEL £40.00 
DP8304BN 234 PALIGRABCN 217 ULATRBO29E1 6.80 0$14С88М/ЗМО 1.65 LM307N 1.39 | MC1723CP 1.20 | ТВА+151 140 B80386DX-40MHz AMD £75.00 80287-10 INTEL £48.00 
DP8311N 6.54 PAL20LI0CNS 4.35 ULA20RKO008E 159.72 | 0814ር88ክ 1.65 LM308N 1.65 | МС1741СР 0.45 | ፐርል11708 280 80486SX-25MHz INTEL £115.00 80287-XL INTEL £62.00 
DS1221 6.44 XR-T5683 3.60 | DS14C89AN 1.65 M 80486DX-33MHz INTEL £245.00 80387DX-33MHz INTEL £62.00 
PAL20X8CNS 3 32 LM310N 2.98 | МСЗ242АР 7.54 | TDA1515A 4.98 
DS1231-20 4.44 PALC16L80-25CQ ZNA2LO29J-BS 3.80 HA12017 1.44 [ዚእ4311ከ 0.64 | MC3301P 0.88 | TDA1521A 437 80486DX-50MHz INTEL £350.00 MEMORIES 
051220 3.26 бло | 2МР6М1.-85 8951113426. 1195 |Миа 694 | Moson ኡሱ ከ88 | pansar 5:50 |80486DX2-66MHz INTEL £390.00 — ЗММ 1አለጨህ CHIPTOns POA: 
SABEN 320 ji ОРТО НА17723 1.10 | | SIMM 1MX9X3 CHIP70ns РОА. 
вене 320 | PALOZ0LBZ-15CQS воо сс О 10 | LM312ი 895 Mლვეპინ 160 | ТОАТБТВА | 360 | CONNER HARD DISK DRIVES SIMM. imeri CHIP ZOnE. POA: 
DS34C86N — 480 ba слон зде" ያ4754/ — 2220 мат Q2 | Mივიივი 1፡9 | ран 185 | 08:20174 1705  ümsecáS iP 616500 SMM anes በዘይ በሁኑ РОА 
DS34087N 480 2 034 | ама 060 9005 380 |1М347Т-308 0.5 | MC3446AP — 675 | TDA3508 РОА | 0530254 250MB 19193512 £21200 SIMM 256659 CHIP BOns POA 
овом 333 | рорвбвар вов | 4M26 060 | НИ-508А-5 — 1121 | (wig 2.98 MC3479P 7.92 |TDA3810 РОА | 07-20244  940MB 13msec3S'LP — 529000 
ნავეს. 281 | pcraseeP 8.28 | 4433 040 LII-5495 РОА | мзл9м 2.84 | MC3523U 580 | TDA440 РОА SOETWARE 
ው ተቸ 3.33 | ዞር.ዮ85667 828 | 4N38 0:56 | НП-574АКО-6 42.50 | Mვ20L712 0.34 | MC4024P 12:78 | TDaasto 338 | FLOPPY DISK DRIVES MICROSOFT ORIGINAL 
063639 2.81 | pcres7op 765 | 6M139 160 [89-02015 — 320 | M324AN 366 | MCT2 0.84 | TDA4563 338 | ALPS DERTIEISC 144MB 3S" 13000 WINDOWS 3.1 £65.00 
სამი) 4901 РСЕвб7ЗР 672 | CMX36 0.38 |НІЗ-0509А-5 7.15 | Mვე4ე 247 | мсте! 1.18 | TDA4660 РОА | TEAC PESE cq 49M9 35 (E9000 IMPORTANT 
DS3862N 7.38 CNY17-3 064 | HI3-201-5 320 METOGCN doe ፐ ОА | TEAC FD-55GFR 1.2МВ 5.25" £35.00 
O85000-32-12 47.50 | PCF8574P 590 CV LM324M 0.64. 1007010 POA | MITSUBISHI M6355C/258MC 1 44M8 3.5" 629 00 All prices quoted are 
26 PCF8S74T 5.90 | CNY21N PON. | HIET POA | LM325N 9.40 | ML924 4.90 | TDA7052 252 25 Excluding V.A.T. 
OS8640N 1.20 РСЕВ591Р 9.35 DFO8 0.40 | HS574-AK 18.20 LM3301N 2 60 | MM5309N 576 | ТОАВ7О2 622 MITSUBISHI MF504C/318MP 1.2МВ 5.25" £35.00 
(ნევის, 260 | R6502AP 5.70 т 558 აივ ა LM3347 2.20 | MM53105N 4.98 | TEA1045 POA | GRAPHIC CARDS Postage & Packing 
DS8836N 2.44 | R6S20P 440 | НСР_ 2602 568 5.20 | 3352 2.48 | MM80095ს. 1.44 | TEA1060 420 | CIRRUS 5426 GVBOO VL-BUS Window Acc, УЛМВ — £75.00 Charge of £3.00 is 
DS8837N 240 86522 4.40 HCPL-2630 3.68 ICLT109CPL 985 LM3362-2.5 1.48 | MP7570JD РОА | TEA5620 POA | TRIOENT TVGA8900CL New Trident 1MB SVGA£40.00 applicable to all goods 
р R6522AP 5.80 À LM336Z-5.0 1.48 | MUX24EQ 9.60 | TIPC2801KV 840 | TSENG LAB ET-4000 1MB SVGA £60.00 under the heading of 
Озввзвм 240 RescozP2 5.84 | HCPL-2730 3.45 JICL7116CPL 6.74 | мазут 1.15 | MUX24FP 960 | TLO26CP 1.84 "Personal Computer 
EeP 380 RéSCOZP3 60 | HCPL-2731 3.20 JICL7117CPL_ — 674|iwsxgaN 298 | MVSOODP 305 | TLOG2CN 054 | KEYBOARD & MICE Hardware & Software: 
EF6803P 3.80 i HCPL-4200 5.98 |ICL7126CPL 6.74 | 2 BTC 7849R 102 UK KeyBoard, Regular Size£24.00 d 
R65C02P4 8.95 LM339N 0.60 | MV601DP 3.36 | TLO62CP. 0.52 
EF6821P 1,30 | ResC1o2P2 665 | 1074 1.44 JICL7135CP! — 8.98 || Мздодт12 1.98 | MV88700P 552 | ቪዐፀ4ር0 0.98 | IMSI SYSTEM MOUSE з Button Serial £10.00 Posta: 
EF68B09P 3.18 + * д " a ს қ ge 5 Packing will 
EF68B21P 1.44 R65C21P2 5.94 ILQ1 1.60 | ICL7136CPL 6.94 LM340T-5 0.48 | NE5020N 10.84 | TLOG4CN 0.88 Znix 3 BUTTON MOUSE MS COMPATIBI.E 10.00 be charged at cost for 
Е poa | 865622022. 460 | 1074 225 CLTISTCPL 6.94 | мзлот12 048 | NES27N 371 | TLO64ID/SMD 2.10 | КО CARDS ail destinations outside 
SABBOC32P 5.95 |18074 2.25 |ICL7606C/N 1224 | Мз40т15 030 | M6532M 0.60 | TLO71ACP 184 | IDE 2HD/2FD/28/1P/1G with cables £15.00 | пе United Kingdom. 
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MAINS SIGNALLING SYSTEM 
PART 2: TRANSMITTER 


Design by W. Hacklander & S. Furchtbar 


Mains signalling is a method by which signals can be superimposed on mains wiring for the 
remote control of electrical equipment. It was first proposed by two Swiss inventors, Routin and 
Brown, who patented the method to control street lighting in 1896. The technique is well 
established and accepted in the USA, but in this country and Europe interest in it as a medium 
for communication has begun only in the late 1980s. This article deals with a system for use in 
home automation. The main advantages of the system are ease of installation, flexibility and 
relatively low cost (because it uses existing mains wiring. 


S the transmitter is provided with 
a microprocessor, the command com- 
puter need only send simple instructions. 
These are translated by the transmitter 
into switching codes for specific receivers. 
Atthe same time, the transmitter arranges 
for the status of each receiver to be sent 
back to the computer. Communication 
between the transmitter and computer is 
via a standard RS232 link. 


The circuit 


Several sections of the circuit—see Fig. 9— 
are identical to parts of the receiver cir- 
cuit. For instance, modulating and de- 
modulating of the digital signals that are 
transferred via the mains wiring are again 
effected by an NE5050. Capacitors C15 
and Сув and transformer Tro form part 
of a 110 kHz transmit oscillator, whose 
carrier is switched on and off by the dig- 
ital signal generated by IC7,. The output 
signal is supplied via Ro; and Rə to 14 
(which provides harmonics suppression), 
Кор (which provides impedance match- 
ing), and С]2 (which provides d.c. de- 
coupling). From there, the signal is ap- 
plied to transformer Tr, which is linked 
to the mains wiring via C,4. Capacitor 
Суз and the transformer form a band- 
pass filter with a centre frequency of 
110 kHz. 

At the demodulating end, the level of 
the incoming signal (at pin 20) is limited 
by Dg and D7, which also suppress any 
spurious signals. In the IC, the signal is 
applied to an amplifier, to a band-pass 
filter, Тга-Се, a low-pass filter, Сү, an AM 
suppressor, a comparator and a bistable. 
Finally, it is available at pin 11. 

The power supply is conventional: a 
mains transformer, Тг, bridge rectifier, 
138-1311. buffer capacitor, Св, and two 
regulators, ІС and ІС. The first regu- 
lator, ICI), provides a direct voltage of 
12 V, from which IC} derives a direct 
voltage of 5 V. Moreover, a direct voltage 
of 9 V (for the decoder/encoder, IC) is 
provided by Еј)-03. 

Circuit IC; is a miniature control sys- 
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Setup of a 2-receiver system. Up to 127 receivers may be accommodated. 


tem with a clock frequency of 12 MHz (de- 
rived from crystal XI). 

Circuit IC; organizes the addresses оп 
the multiplexed address /data lines POg-PO7. 

The control program for the transmit- 
ter is contained in EPROM ІС. 

Optoisolators ICg and ICg connected 
to pins 10 and 11 of IC, effect the com- 
munication between the transmitter and 
computer via the serial interface. They 
are necessary to ensure proper electrical 
isolation between the transmitter and 
equipment connected to the RS232 in- 
terface, since transformer Tr, does not 
provide this. Circuit ICg passes the data 
received from the computer to IC4, while 
ICg sends data from IC, to the computer. 

Network D;-Rs at ріп 12 of IC, serves 
to indicate confirmation of receipt of data. 
This interrupt input is controlled by Tj. 

The LED at pin 15 of IC, lights during 
the transmission of data. Output TO 
switches NAND gata 1С7а viaT». 

The data for the receivers are sent over 
lines P1.0-P1.7. 

Coding and decoding of the receiver 
addresses are carried out by ІС. Net- 
work К-С sets the internal clock of this 
IC to 45 kHz. When the address ofa given 
receiver is sent, the relevant data are avail- 
able at the P... gates of IC4, from where 
they are applied to IC, via buffer ICs and 
level compensator/inverter 1С». 


Circuit IC; and transistors 11-13 en- 
sure the correct switching sequence dur- 
ing transmitting and receiving. If, for in- 
stance, a receiver needs to be switched 
over, the processor provides the correct 
address at P1 and, via pin 14, gives the 
instruction for this address to be sent. 
Transistor То raises the level from 5 V to 
9 V and inverts the signal. The output of 
1С7а then goes high, whereupon T; con- 
ducts, so that the output signal of the 
modem IC is suppressed to prevent IC, 
receiving back its own data during trans- 
mission. 

NAND gate IC, sets IC, to the trans- 
mit mode via its mode input and enables 
IC. The serial data then becoming avail- 
able at pin 17 of IC; are passed ма IC7, 
and IC7, to 1(:10, where they are modu- 
lated and applied to the mains wiring. The 
code is transmitted several times in suc- 
cession, which is indicated by the flick- 
ering of Ds, while D, lights permanently. 

After about 15 seconds, output TO of 
the processor goes low, which causes IC, 
to switch from transmit to receive (mode 
input goes low, IC is disabled, and Тз 
switches off, so that the signals received 
by [Со are applied to pin 16 of ICj). Two 
addresses monitor whether the slave re- 
acts: that just transmitted and this ad- 
dress plus a 'l'inthe tenth position, from 
which the switching status of the receiver 
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becomes clear. 

When, within a given period, a valid 
address is received four times, pin 17 of 
IC; goes low. This signal is passed to 
pin 12 of IC, via inverter IC7, and level 
compensator/inverter T,. This is indi- 
cated by 131 going out. Confirmation of 
receipt of the data is then given to the 
computer by ІСд. 


167 = 4093 
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Construction 

Building the transmitter is simpler than 
the receiver. All components are housed 
on a genereously sized printed-circuit 
board, which, for safety’s sake, is intended 
for installation in a man-made fibre en- 
closure. The use of sockets for the ICs is 
recommended: this is not only convenient 
for the construction but also for the cal- 
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MAINS SIGNALLING SYSTEM - PART 2 


ibration. 

Screw the backs of regulators IC, апа 
ІС уз together with in between a U-shaped 
heat sink. They need not be isolated. 

Provide holes in the top of the enclos- 
ure for Ky and the three 5-mm LEDs (for 
safety's sake, do not use 3-mm types be- 
cause these may protrude from the en- 
closure). Provide a hole in one ofthe shorter 
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Fig. 9. Circuit diagram of the mains signalling transmitter. 
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12] GENERAL INTEREST 


side for mains cable (use a strain relief) 
entry. 

Do not yet place the ICs into their sock- 
ets; this should be done during or after 
calibration. 


Calibration 


The transmitter and one receiver are re- 
quired for calibration. Make sure that the 
ground of the units is connected to the 
mains earth. Stick insulating tape over 
all PCB tracks that carry mains voltage 
to prevent them being touched by acci- 





940021-2 
თ...” 





dent. It is better to screw the transmitter 
board to the bottom inside of the enclos- 
ure, whicn effectively prevents any of the 
mains-carrying tracks to be touched. 

Begin by checking that all supply volt- 
ages at the IC sockets are as specified (do 
not insert the test prods into the socket 
terminals to prevent these losing their 
elasticity). 

When the voltages are correct, switch 
off the mains and insert IC;o into its socket 
Temporarily interlink pin 19 and pin 1, 
whereupon a sine wave at an amplitude 
of about 9 Уру should appear on an os- 





lil 


a 


P 


| 
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cilloscope connected to pin 16. Measure 
the frequency of this signal with a fre- 
quency meter and adjust to 110 kHz by 
turning the core of Trg with a plastic screw- 
driver. If a frequency meter is not avail- 
able, use a long-wave radio receiver (pre- 
ferably with digital dial). Tune the radio 
to 330 kHz (3rd harmonic of 110 kHz), 
place it close to the transmitter (in a po- 
sition where the 50 Hz mains hum is not 
or least noticeable) and turn the core of 
Trg for minimum noise output of the 
radio. Next, connect the oscilloscope across 
Tr, (at the side with the centre tap) with 















Fig. 10. Printed circuit board of the mains signalling transmitter. 
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Fig. 11. Completed transmitter before enclosure is closed. 


the oscilloscope ground to the +12 V ter- 
minal: disconnect the mains earth from 
the unit earth, since the ground of the 
oscilloscope is normally also connected 
to the mains earth. Adjust the core of Tr; 
for maximum signal level on the oscillo- 
scope. 

Then, connect the oscilloscope to pin 3 
or pin 6 of ICjg, where a square wave at 
an amplitude of about 0.5 V and a d.c. off- 
set of around 4.5 V should be available. 

Next, connect the oscilloscope to 
pin 4 or pin 5, where a sine-wave-like sig- 
nal with a sort of cross-over distortion 
should be present. Adjust the core of Tra 
so that the the distortion peaks are sym- 
metrical around the cross-over points. It 


will probably not be possible to obtain the 
same picture at pin 4 as at pin 5, but try 
to make them as identical as feasible. 

Disconnect the link between pin 1 and 
pin 19 and insert the remaining ICs into 
their sockets and close the case. 

In the receiver, take all ICs from their 
sockets and check the supply voltages. 
When these are all correct, insert ICs into 
its socket and carry out exactly the same 
procedure as just described for ІС in 
the transmitter. 

Insert the other ICs into their sockets. 

With the use of jump leads, set the de- 
sired address on K]: the numbering is bi- 
nary - no jumper at K] gives address О 
and seven jump leads give address 127. 








Fig. 12. Take care during the calibration: there is always the risk that open mains 
voltage is present somewhere on the board. 
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MAINS SIGNALLING SYSTEM - PART 2 13 


For instance, address 1 (decimal) requires 
a jump lead on К; at the side of pin 1 of 
ICs (call this connection 1); address 100 
(decimal), i.e., binary 1100100, needs 
jumpers on connections 3, 6 and 7. Mark 
the address on the outside of the case for 
future reference. Close the case. 


Taking into use 


Insert the receiver into a mains outlet and 
connect a mains-operated apparatus to 
it. At this stage, it is advisable to keep the 
receiver in sight. 

Insert the transmitter into a different 
mains outlet and connect it to the com- 
puter via a serial cable of which all wires 
are linked 1:1, that is, not with the send 
and receive lines crossed as in a standard 
serial cable. 

Start the program on the computer 
with the aid of diskette Ref. 1913 (see 
Parts List). The computer monitor shows 
an operating panel on which with the 
mouse or the keyboard (Alt plus under- 
lined character) a COM port may be se- 
lected. It is also possible for a relay num- 
ber to be keyed in, whereupon the soft- 
ware can switch over the relay. The re- 
mainder of the procedure is shown on the 
monitor. 

It is also possible to send instructions 
manually to the transmitter with the aid 
of a communication program such as 
Telemate, Unicom or Procomm. The trans- 
mitter recognizes the following: 


R (52pex)—reset transmitter (the program 
in the transmitter starts from the be- 
ginning). 

C (43p¢,)—clear status transmitter (only 
status bits are reset). 

Т (545,4)—switch over the receiver: after 
the T, the address (0-127) of the rele- 
vant receiver must be sent as a byte. 

$ (53he етапа status transmitter: in 
this case, the transmitter sends back 
a byte containing the following data: 

bit 0 – receiver status (0 = relay not 
actuated; 1 = relay energized). This 
is valid only if reception was cor- 
rect. 

bits 1-3—not used. 

bit 4 — syntax error: the command 
sent by the computer is not recog- 
nized. 

bit 5 - time out of 20 s: the bit be- 
comes '1' if during this time no an- 
swer from the receiver has come in. 
bit 6 - busy write: this is high dur- 
ing the period when the transmit- 
teris waiting for an answer from the 
receiver. 

bit 7 - busy read: this high during 
the period when the transmitter os 
waiting for an answer from the re- 
ceiver. 


It is, of course, possible for an indi- 
vidual program that uses these commands 
to be written in, say, Pascal or BASIC. 
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Parts list 


Resistors: 

В, = 180 КО 

Во, Ra, Re. В.о, Rig = 2.2 kQ 
Ry = 3.9 КО 

Ка, Ку. Rg, Rio Rig = 10 КО 
Во, Rig, Куд = 5.6 KQ 

Еј = 180 Q 

Куз = 4.7 KQ 

Rjg = 390 Q 

Куз = 1 KQ 

Rog = 47 9 

Кој, R25 = 100 


Capacitors: 
Су = 220 pF, polystyrene 


Co, Cs, Cio. Соо = 10 НЕ, 16 У, radial 


C3, С4 = 33 pF 
Cg, Cig = 2.2 nF*, pitch 5 mm 


C7, Cog, Сүт, Сот Сәд = 100 nF* 


Cg = 10nF 

Cio, Су = 4.7 nF 

C19 = 470 nF 

Суз = 6.8 nF* 

Суд = 470 пЕ, 630 У 

(:15 = 12 pF 

(:18 = 220 pF, 35 V, radial 
* = polypropylene (МКТ) 


Inductors: 
Lı = 390 pH 


Semiconductors: 

D, = LED, 5 mm, yellow 
D» = LED, 5 mm, green 
Юз = zener, 9.1 V 1 W 
[34 = LED, 5 mm, red 
Ds = 1N4148 
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Dg, D7 = BZT03/C15 
Dg-D;; = 1N4001 
Тј, Та = 80547 

То = 85170 

T4 = 80557 


Integrated circuits: 

IC; = MM53200N (National Semiconductor) 
1С2 = ULN2803 

IC3 = 74HCT541 

ІСд = 80C31 

ICs = 74HCT573 

ICg = EPROM Ref. 6371 (see p.70) 
IC; = 4093 

ICg, ІСо = CNY65 

10:10 = NE5050N (Philips/Signetics) 
ІС = 7812 

IC;5 = 7805 


Miscellaneous: 
К; = 2-way terminal block. pitch 7.5 mm 


WC2H 7BN. Telephone 071 437 0678. 
Fax0714374901. | 

In general, for domestic. applications, 
the level of the signal signal applied 
across the mains wiring must not ex- 
ceed 116 dB pV (631 mV). Measured | 
across the line or neutral terminal and 
ground, the level must not exceed 316 mV 
(110 dB uv). The ლიი п 
must Бе 50 6. | 











| het (45 small energy Be еи be 
fairly sensitive and that spuri 
as extra precautions, switching 


compared several times 


Fig. 13. Control program as seen on the computer monitor. 


Kg = 9-pole male D connector, 
right-angled for PCB mounting 

X; = crystal, 12 MHz 

Tr; = transformer T1001 
(Toko No. 707VXT1002N) 

Тго, Тгз = transformer 4201 
(Toko No. LPCS4201 or LMCS4201) ог 
4100, 4101, 4102, 4200 or 4202 (also 
Toko) 

Tr4 = mains transformer, 15 V, 3 VA 
e.g., Velleman 1150038M (Maplin) 

1 off heatsink 27 К \/ 1 (Fisher Type 
FK228/SA from Dau, telephone 
(0243) 553 031 

1 off enclossure 200x112x51 mm 
(77/gx4 /16х2 in), e.g., Вора Type 
EG2050L - in UK represented by 
Phoenix Mecano Ltd, telephone 
(0296) 398 853 

1 off PCB Ref. 940021-2 (see page 70) 

1 off diskette Ref. 1913 (see page 70) 









plied across the mains wiring. T 
turn means that the receiver r 


nals and the 50 Hz mains h 
be suppressed adequately. M 


structions must be sent several 
while at the receiver, received со 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 


THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 


THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: independent power supplies with two toroidal transformers ж Twin L.E.D. Vu meters x 
Level controls * Illuminated on/off switch ቋ XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion ж Aluminium cases ж MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection. 
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 

SIZES:- MXF200 W19"xH3"2" (2U)xD11" 
MXF400 W19"xH5"," (3U)xD12" 
MXF600 W19"xH5*4" (3U)xD13" 
MXF900 W19"xH5"," (3U)xD14*4" 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


OMP XO3 STEREO 3-WAY ACTIVE CROSS-OVER 


Advanced 3-Way Stereo Active Cross-Over, housed in a 19” x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/SKHz, all at 2448 per octave. Bass invert switches 
оп each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 £5.00 P&P 
STEREO DISCO MIXER SDJ33908E] = ж ECHO & SOUND ЕРРЕСТЗХ 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs:- 3 turntables (mag), 3 
mics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters, As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 
, TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
ТУРЕ ‘B’ (К$М1005А) 3^" super horn for general purpose speakers, 
disco and Р.А. systems etc. Price £5.99 + 50p P&P. 
, ТУРЕ ‘C’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- 
v tems and quality discos etc. Price £6.99 - 50p P&P. 
ТУРЕ ‘D’ (KSN1025A) 2”хб” wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 - 50p P&P. 
ТУРЕ ʻE’ (KSN1038A) 3*4" horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50р P&P. 
LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50р P&P. 


ibl FLIGHT CASED LOUDSPEAKERS 


Anew range of quality loudspeakers, designed to lake advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns. extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


iblFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 


OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 
= THREE SUPERB HIGH POWER 
IN-CAR STEREO BOOSTER АМР CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 - 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 + 
Bridged Mono 
ს ALL POWERS INTO 4 OHMS 
ს Features: 
* Stereo, bridgable mono * Choice of 
high 8 low levet inputs ж L & В level 
controls * Remote on-off * Speaker & 


200). Stereo, 400W 


PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 


POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL 

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. 

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND 
ACCESS ACCEPTED BY POST, PHONE OR FAX. 
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SERVICE ТАМРЕО FOR CATALOGUE x 


"азза SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy а world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre Р.С.В. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor > 300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + ©4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 60V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor > 300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 


PIAJE LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 


ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P 
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE $35.64 + £3.50 P&P 
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, Р.А., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P 
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 9848. PRICE £46.71 + £3.50 P&P 
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 - £3.50 P&P 
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + ዩ4.00 P&P 
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ET 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped ი 4 8 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P 
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 ~ £2.50 P&P 
10" 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. 1O 3KHz, SENS 96dB. 

12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROYND 

514” GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

62" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 9448. 

8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 - 
10" GOWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 - €2.00 P&P 


RANSMITTER HOBBY KIT 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
ЗМ TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V а 0.5AMP. 
PRICE £14.85 - £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 

VERY SENS FET MIC, RANGE 100- 300m, Xr 201 x 46mm, SUPPLY 9V BATTERY. 


PRICE £30.39 + £3.50 P&P 


PRICE £9.99 + £1.50 P&P 
PRICE £10.99 - 1.50 P&P 
£1.50 P&P 


PHOTO: 3W FM TRANSMITTER 


B.K. ELECTRONICS 


UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2 GTR. 
Tel: 0702 -527572 Рах.:О7О2 -420243 





MORSE DECODER 


Some of you may call them hopelessly old-fashioned, but they 
can still be heard at many frequencies when tuning across the 
short-wave bands, those unsurpassed long and short tones 
used to convey messages by radio. Telegraphy, or morse, still 
exists in the face of the tremendous strides that have been 
made in modern communication technology. The morse 
decoder described in this article is available as a kit from 
Velleman distributors, and enables those cryptic tones from 
your communication receiver to be deciphered, and turned 
into text on a liquid crystal display. 





Design: © ‘94 Velleman N.V., Belgium. 


ORSE or telegraphy code is a 
communication method developed 
at a time when it was impossible to 
convey speech reliably over large dis- 
tances using radio links. The morse 
transmitter is the simplest type of 
transmitter in existence because basi- 
cally it is switched on and off by a 
morse key. Using a relatively simple 
protocol, the 26 letters in the alphabet, 
numbers 0 through 9, and a number of 
punctuation signs, are encoded into a 
series of short and long tones, which 
are often called ‘dots’ (short tones) and 
‘dashes’ (long tones). 
Morse transmissions can Бе ге- 


ceived in the short-wave and long-wave 
bands using a communication receiver 
fitted with a narrow IF (intermediate 
frequency) filter and a beat frequency 
oscillator (BFO). To the uninitiated, 
morse code is just a series of meaning- 
less tones. Experienced morse opera- 
tors (or ‘telegraphists’), however, are 
capable of copying messages from very 
weak signals buried under a lot of in- 
terference. Meanwhile, they will chat 
with you, write down the message and 
smoke a cigarette. This proficiency 
level and skill is impossible to achieve 
without training and years of experi- 
ence. Not surprisingly, many amateurs 


prefer the automated solution, for 
which the present morse decoder is the 
perfect companion. 


The circuit 


The circuit diagram of the morse de- 
coder is given in Fig. 1. Broadly speak- 
ing, the schematic may be divided into 
three parts. The circuit around IC, 
turns the morse signal into a digital 
pulse train. The digital circuit around 
microcontroller IC; turns the digital 
pulses into text which can be read оп а 
liquid crystal display (LCD). The dis- 
play used is capable of showing up to 
16 characters on one line. 

The third section of the circuit is the 
power supply, which consists of a 
mains transformer (2х8 V at 150 mA), 
a double-phase rectifier, and an inte- 
grated 5-V regulator. Obviously, the 
transformer may be replaced by a suit- 
able mains adaptor with an output 
voltage of between 9 and 12 V. 

The input stage of the morse de- 
coder is simple, but effective. The ana- 
logue signal picked up by the electret 
microphone is applied to the input of 
1С» via a coupling capacitor. The 
XR2211 in position 1С» is an integrated 
FSK (frequency-shift keying) demodu- 
lator/tone decoder from Exar. As 
shown by the internal block diagram in 
Fig. 2, this IC contains all components 
needed to use it as a tone decoder. 

The design of a tone decoder should 
take into account the wide frequency 
spread of the morse tones. The actual 
frequency of the morse tones produced 
by the communication receiver is never 
fixed because it depends on the exact 
tuning and, in some cases, the BFO 
(beat frequency oscillator) setting. 
Hence, the frequency to which the tone 
decoder responds is made adjustable. 
This adjustment is carried out with po- 
tentiometers RV; (frequency) and ВУ. 
(lock range). Components Са, К; and 
RV; turn the VCO (voltage controlled 
oscillator) contained in the XR2211 
into a variable frequency oscillator. 
The detector, another sub-circuit of the 
XR2211, compares the frequency of the 
oscillator output signal with that of the 
morse tones picked up by the micro- 
phone. Since the frequency of the 
morse tones can vary considerably, a 
certain capture range is provided, the 
span of which is determined ከሃ Rg and 
КМ. With the component values 
shown, the decoder is capable of lock- 
ing on to frequencies between 77 Hz 
and 240 Hz with КУз set to minimum. 
This capture range is changed to 
550 Hz to 1720 Hz with ВУ. set to 
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Fig. 1. Circuit diagram of the morse decoder, which is available as a КИ through Velleman distributors. 


maximum. In both cases, the lock 
range pot, RV4, is set to maximum. The 
adjustment of the two potentiometers 
can be optimized as soon as a morse 
transmission is picked up, and the first 
characters start to appear on the LCD. 
The two adjustments serve to minimize 
the decoder's susceptibility to noise, 
which is unfortunately inherent to 
radio signals. 

The sensitivity of the decoder is ad- 
justed with RV». It is recommended to 
use the lowest possible sensitivity 
which allows a good degree of acoustic 
coupling to be achieved. As with the 
previously mentioned frequency and 
lock range adjustments, this helps to 
keep the distorting effect of noise 
sources beleaguering the morse signals 
to a minimum. If desired, Ку, КУ; and 
the microphone may be omitted, and 
replaced by a simple input stage with a 
resistor of 47 kQ to ground. This allows 
the decoder to be connected directly to 
the receiver's line output. 

The correct operation of the tone de- 
coder may be verified by looking at LED 
1131. If the LED lights in the rhythm of 
the morse tones, you may safely as- 
sume that the tuning and other adjust- 
ments are correct or about correct. 

Apart from to the LED driver, Т}, the 
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morse signals are also applied to the 
input of microcontroller IC). The con- 
troller runs at a clock of 6 MHz, and 
turns the serial datastream at its input 
into corresponding parallel codes 
which can be recognized by the LCD. 
Preset RV, serves to set the LCD con- 
trast for the best legibility/brightness 
trade-off, which will take you only half 
a minute or so to find. 

The microcontroller used here is a 
Type 8748 from Intel's МС$48 family. 
The 8748 has on-board RAM and ROM. 
The decoder software is located in 
ROM, and has been developed by 
Velleman N.V. 

Components Rig and С supply the 
microcontroller with a reset signal at 
power-on. Diode 131 ensures that ca- 
pacitor CI) is discharged rapidly when 
the circuit is switched off. Capacitor 
(:11 has a value of 10 uF in the kit sup- 
plied by Velleman. Based on practical 
experience, we recommend changing 
this into 100 uF to ensure a more reli- 
able reset. 


Construction 


Assembling the decoder is easy 
using the components and the printed 
circuit board contained in the kit. The 


track layout and component mounting 
plan of the printed circuit board de- 
signed for the morse decoder are 
shown in Fig. 3. Construction is 
straightforward, and no problems are 
expected to arise if you work carefully. 
The LC display module is fitted on to 
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Fig. 2. Internal organization of the XR2211 
FSK demodulator/tone decoder (courtesy 
Exar). 
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Fig. 3. Track layout (reflected) and component mounting plan of the single-sided PCB in- 
cluded in the kit. 





Fig. 4. Completed morse decoder. If desired, the unit may be built into a suitable case. 





COMPONENTS LIST 





the board with the aid of four PCB pil- 
lars. This is done after all other parts 
have been mounted on the board. The 
display is connected to the board via 
short lengths of flexible wire. Insert the 
spindles into the three presets on the 
board, and connect the microphone via 
a short length of screened wire, so that 
it can be mounted close to the re- 
ceiver’s loudspeaker. 

Apply power, and check that the dis- 
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play reads ‘Velleman kit’. This indi- 
cates that the hardware is operational. 
Switch off again. 


Adjustment 


Before you can start adjusting the var- 
ious controls on the morse decoder, it 
is necessary to tune to a strong, clear, 
morse transmission. In many cases, 
these can be picked up from Coast 
Guard and similar utility stations 
transmitting at countless frequencies 
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across the short-wave bands. The pro- 
totype of the kit assembled in our de- 
sign laboratory was tested with the 


morse signals received from 
Scheveningen Radio (PCH20) coast 
guard on 4,250 kHz. Set the receiver to 
CW mode, or SSB using the BFO, and 
adjust the tuning until the morse tones 
sound as clear as possible. Some back- 
ground noise is normal and no cause 
for alarm. In any case, make sure you 
use a good antenna, and select a sta- 
tion which remains on the air for some 


MORSE DECODER 





Fig. 5. The morse decoder in action. Any 
morse signal can be picked from the ‘aether’, 
decoded into text, and thrown on to a 
scrolling LC display for you to read. 


time (in most cases, that will be a util- 
ity station, not a radio amateur). 

Next, switch on the morse decoder. 
After the test message ‘Velleman kit’, 
the decoded text should scroll along 
horizontally across the display. Using 
the LED as an indicator, the best pos- 
sible adjustment of the tone frequency 
and the lock range will soon be found. 
Reduce the receiver volume, or the de- 
coder sensitivity, if the LED appears to 
light continuously, since that indicates 
that the circuit is being overdriven. If 
the LED is nearly always out, the mi- 
crophone does not pick up enough sig- 
nal, and the acoustic coupling should 
be examined. ш 
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SURVEILLANCE 


PROFESSIONAL 


QUALITY KITS 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 


are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


3-12V operation. 500m range 


MIX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000m range 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
500m range 


SCRX Subcarrier Scrambled Room Transmitter 


Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation 


ATR2 Micro Size Telephone Recording interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line 


XXX Specials Жжжж 


DLTX/DLRX Radio Control Switch 

Remote control anything around your home or garden, outside lights, alarms, paging 
system etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation, Range up to 200m. 

Complete System (2 kits) 

Individual Transmitter OLTX... 

Individual Receiver DLRX 


M8X-1 Hi-Fi Micro Broadcaster 

Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
9V operation. 250m range 


Dept. EE 


SUMA 


UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range 

STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

1500m range 

TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
25mm x 63mm. 9V operation 

20400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
operation 

CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation 

QTX180 Crystal Controlled Room fransmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. 9V operation. 1000m range 

(.X180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range 

QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32mm x 37mm. Range 500m 

QRX180 Crystal Controlled FM Receiver 

For monitoring any of the 'ዐ' range transmitters. High sensitivity unit. ልዘ RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation 


ለ build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
Clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


THE WonksHors, 95 Main ОАР, 


BAXTERLEY. NEAR ATHERSTONE, 


DESIGNS 


WARWICKSHIRE 
VISITORS STRICTLY BY APPOINTMENT ONLY 


CV9 2LE Tel: 0827 714476 


Fax: 0827 714476 
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For more information on the HANDYSCOPE and other data acquisition 
instruments please contact... 


INSTRUTEK (UK) 


TEL: (0480) 460028 FAX: (0480) 460340. 
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DIFFERENTIAL PROBE 
FOR OSCILLOSCOPES 


Design by H. Bonekamp 


The probe described overcomes several of the shortcomings 
of the probe supplied with many oscilloscopes. It is a 
10:1/100:1 design that enables floating measurements to be 
carried out. Its presettable attenuation to 10 V or 100 V and its 
facility for floating measurements makes it also suitable for 
measuring high voltages. 





Wi the resistive or capacitive load 
connected to many oscilloscopes is 


too large, serious measurement errors 
may occur. Moreover, the voltage range 
on many oscilloscopes is limited to 5 V 
graticules, so that the maximum voltage 
that can be measured is 40 V. This is, of 
course, improved by the supplied 10:1 
probe to 400 V, but even this is inade- 
quate for many applications. Another 
problem with a number of oscilloscopes 
is created by the external (mains) earth 
being permanently connected to the ground 
of the instrument. Since, moreover, the 
equipment on which measurements are 
carried out is often also connected to the 
mains earth, a potentially dangerous sit- 
uation may arise when very high voltages 
are measured. This also means that mea- 
surements are always referred to earth: 
in mains-operated apparatus it is virtu- 
ally impossible to measure the potential 
between two random points. 


Differential measurements 


Measurements not referred to earth can 
be made only by using a differential probe. 
Sucha probe has two prods, each of which 
'floats' with respect to earth. An accurate 
differential amplifier/buffer ensures that 


the probe is provided with the true po- 
tential difference between the prods. 
Differential probes with presettable at- 
tenuator are commercially available, but 
tend to be fairly expensive. The present 
probe is considerably less so. 

Since the probe must not noticeably 
load the equipment on test, its input re- 
sistance is high and its input capacitance 
low. Moreover, the input is frequency com- 
pensated to ensure that linear perfor- 
mance is obtained over a wide frequency 
range. The attenuator networks for each 
prod are as nearly equal as possible. 
Moreover, the common-mode suppres- 
sion is high. 


The circuit 


The circuit—see Fig. 1—is based on spe- 
cial dual differential amplifier IC). This is 
a wide-band device that provides accu- 
rate processing ofa differential input sig- 
nal. Moreover, it attenuates common- 
mode signals up to very high frequencies. 
Basically, it consists of two separate dif- 
ferential amplifiers followed by a common 
buffer. Pins 1 and 2 respectively form the 
+ve and -ve inputs of one and pins 3 and 
4 those ofthe other. The common output 
is available at pin 7. Feedback network 
፻10-ጾ11] fixes the amplification at x2. The 
potential divider at pin 4 ensures accu- 
rate compensation of the d.c. offset (owing 
to the offset current, the value of Rg is 
equal to that of Еј) and R}; in parallel). 

The attenuator networks are situated 
between IC; and connector K} (to which 
the test prods are connected). They con- 
sist of precision resistors Ку-Ку. Frequency 
compensation is provided by capacitors 
C,-Cg. With values as specified, the input 
resistance is about 2 МО and the input 
capacitance around 2.5 pF. Moreover, the 
specified values ensure that the time con- 
stants in the probe are determined by the 
actual components rather than by para- 
sitic effects. 

Since for good common-mode sup- 
pression equality of the networks is im- 
perative, one has a fixed 10-Q resistor 
(R4), whereas the corresponding (20-0) 
resistance in the other is variable (P). 
This arrangement makes it possible for 
any measurement error to be nullified. 
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Moreover, variable capacitors C4 and Cg 
enable equality of the networks to be 
achieved at high frequencies. 

Although the wanted maximum at- 
tenuation factor is 100:1, the input at- 
tenuator is set to 200:1. This is to keep 
the differential input voltage of IC; within 
limits: the AD830 has internal limiting 
that comes into operation when the level 
of the differential signal reaches 2.3 V. 
As the amplification of the device is x2, 
the final attenuation is 100:1. 

Because ofthe internal limiting in IC}, 
it is not possible to switch the input at- 
tenuator to 10:1 without degradation of 
the common-mode suppression. This is 
resolved by adding amplifier IC). The am- 
plification of this stage can be switched 
between 1 and 10, so that the attenua- 
tion can be switched between 10:1 and 
100:1. So as to affect the bandwidth of 
IC, as little as possible, the input resis- 
tance, rather than the feedback resis- 
tance, is switched (by 51) between 1 KQ 
(R15) and 1000 (Во in parallel with R43). 

The output impedance of the probe is 


ር1 ር2 
497 арт 


DIFFERENTIAL PROBE FOR OSCILLOSCOPES 23 


50 О [፻13 to ensure good matching to 
RG58 coaxial cable. 

The operating voltage for the probe is 
provided by a standard supply. The two 
power lines are stabilized by regulators 
IC3 and IC4. Each rectifier diode is shunted 
by a capacitor to eliminate any spurious 
signals. Diode D, functions as an on/off 
indicator. 

Note that each of the ICs is individu- 
ally decoupled for r.f. by C)7-C,g and 
C19-Cop respectively: this measure is nec- 
essary with fast devices. 

As already stated, attenuator resistors 
Rj-R; are close-tolerance (0.1%) types, 
whereas Ro-R;, are precision (1%) types. 
This gives an overall measurement ac- 
curacy of 4.296, which is an acceptable 
practical value. If maximum accuracy 
(0.696 in the 100:1 position and 1.696 in 
the 10:1 position) is required, Ro-Rj4 must 
also be 0.196 types. If 0.196 resistors can 
not be obtained, Ку-Ку may be 196 types, 
but the value of Ry and Ру must then be 
increased to 100 Q and 200 Q respect- 
ively. This not only degrades the mea- 
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surement accuracy, but may also affect 
the equality of the networks adversely and 
reduce the common-mode attanuation. 


Construction 


The probe, including its power supply, is 
best built on the printed-circuit board 
shown in Fig. 2. Because of the high sig- 
nal frequencies likely to be encountered, 
mount the ICs directly on to the board: 
do not use sockets. A number of compo- 
nents must be soldered at both sides of 
the board. Since, for safety's sake, con- 
ductors carrying high voltages must be 
separated by 2 6 mm, remove the centre 
terminal of terminal block Ку. Mount $] 
directly on to the board and solder its 
metal case to earth. 

When all components have been fit- 
ted, three tin plate screens have to be in- 
stalled: one around each of the attenua- 
tor networks and one around the active 
circuits. These screens are shown in Fig. 2 
and Fig. 3. They must be about 15 mm 
high and be provided with holes for ad- 
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Fig. 1. Circuit diagram of the differential probe for oscilloscopes. 
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e TEST & MEASUREMENT 


justing Сд, Cg, Py and Ро, as 
wellas for accepting the spin- 
dle of 51. Solder them to pins 
placed in suitable positions 
on the board. Make sure that 
the distance between com- 
ponents and screens is not 
less than 6 mm. Cover the 
compartments so formed with 
atin plate lid soldered in place. 

Fit a tin plate screen (of 
which the edges have been 
bent at right angles) over the 
track side of the board. Cover 
the inside of this lid with a 
sheet of thin polythene to en- 
sure that the screen does not 
short circuit any ofthe tracks 
or solder pads. 

The board is intended to 
be fitted in an man-made fibre 
enclosure of 150x80x55 mm 
(6х31/8х23/ 16 in). The en- 
closure may be finished at 
the front and side as shown 
in Fig. 4. 

Connect the prods to ter- 
minal block К; via 30 cm 
lengths of flexible multi-strand 
cable. Connect the probe to 
the oscilloscope via a 60 cm 
length of RG58 coaxial cable. 
Terminate this cable at one 
end into a BNC connector and 
solder the other end to pins 
PC1 and PC2 on the PCB. 


Calibration 


Calibration must be carried 
out with S, in position 10:1. 
Itis advisable tolet the probe 
warm up for about 15 min- 
utes before starting the cal- 
ibration. 

Short-circuit both input 
terminals to earth. Connect 
the probe output to an oscil- 
loscope or millivoltmeter set 
toits most sensitive d.c. range. 
Adjust Ро until the d.c. (off- 
set) measured is zero. 

Interlink the input termi- 
nals and apply a direct volt- 
age or low-frequency voltage 
between this link and earth. 
Connect the probe output to 
an oscilloscope or millivolt- 
meter set to its most sensi- 
tive d.c. range. Adjust P} for 
zero reading. This sets the 
common-mode rejection 
ratio (CMRR) at low fre- 
quencies. 

Connect a 1 kHz square 
wave signal between input 
1 and earth. Connect the output of the 
probe to an oscilloscope. Adjust C4 until 
the oscilloscope shows a neat square wave. 
Then do the same at input 2. This sets 
the frequency compensation. 

Interlink the input terminals and con- 
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Fig. 2. Printed-circuit board for the differential probe for oscilloscopes. 


nect the probe output to an oscilloscope. mon-mode rejection ratio at high fre- 
Inject a 1 MHz sine wave signal between quencies. Check the setting of the fre- 
the linked inputs and earth. Carefully ad- quency compensation. 

just C4 and Cg in turn until the ampli- 

tude of the signal on the oscilloscope is 

as small as feasible. This sets the com- 
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Parts list 


Resistors: 

Ку, Ко, Rs. Rg = 499 КО, 0.1% 
R3, Ку = 4.99 КО, 0.1% 

R4 = 1000, 1% 

Rg = 330 kQ, 5% 

Rg = 249 О, 1% 

Rio. Вл! = 499 Q, 1% 

Куд, Куд = 1.00 КО, 1% 

Ryg = 1100, 1% 

215 = 49.90, 1% 

Куб = 1.2 КО, 5% 

P; = 20 Q multiturn preset 
Ро = 20 КО multiturn preset 


Capacitors: 

Cy, Со, C5, Cg = 4.7 pF, 400 У, ceramic 
C3, C7 = 390 pF, ceramic 

C4, Cg = 120 pF trimmer 

Со-С1о = 47 nF 

C45, C14 = 100 pF, 40 V, radial 

Cis, Cig =10 pF, 16 V, radial 

С17-С20 = 100 nF 


Semiconductors: 
B, = B80C1500 
131 = LED, 5 mm, red 


Integrated circuits: 
IC, = AD830AN 

ICე = AD844AN 

ІСз = 7815 

[Сл = 7915 


Miscellaneous: 

К; = 3-way terminal block, pitch 5 mm 
(remove centre terminal) 

Ky = 2-way terminal block, pitch 7.5 mm 

51 = single-pole slide switch 

РС], РС» = solder pin 

Tr, = mains transformer, 2x15 V, 3 VA 

Enclosure 150x80x55 mm 
(6x31 /ах23/ 16 in) 
(for instance Вора Type E440BB—in 
UK available from Phoenix Mecano, 
telephone 0296 398 853) 

PCB Ref.940018 
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Fig. 3. Completed prototype with lid removed; note the three screened boxes. 
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Fig. 4. Suggested side and front panel marking (not available ready made). 
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Low cost data acquisition for IBM PCs & compatibles 


ТА unique range of easy to use data acquisition products designed for use with IBM compatible 

computers. Combined with the software they allow your PC to be used as a host of useful test and 

measurement instruments, or as an advanced data logger. 

Installed in seconds they simply plug into the parallel port (except the ADC-16 which connects to the 

serial port). They are self contained, require no power supply and take up no expansion slots. 

Each device comes with a comprehensive manual. C, Pascal and Basic drivers are included for users 
who wish to write their own software Software supplied on 3.5" disk. 






‘Virtual instrument’ software 
package. Storage oscilloscope 
А | with trigger, timebase, rulers 
`| and offsetfunctions. Realtime 
spectrum analysis with min/ 
| max frequency and signal 
| 2-21 averaging. Multiple meters оп 
Scope, voltmeter, screen (digital and bargraph). 
б. spectrumanalyser Printerandfile handling support 





Collect, store, display and print 
data from 1 sample per ms to 
1per day. Recordaverage, min/ 
max values or scaled values 
t (linear, equation, table look up). 
Report types : monitor (with min/ 
5 | max alarms), y-t graphs, x-y 

ዌጅ TU NU x^ graphs, tabulation. 
Advanced datalogging software package 


| TEL +44 954 211405 
| OVERSEAS DISTRIBUTORSWANTED: አሄ +44 954 211880 


ADC-10 single channel 8 bit ADC-11 eleven channel 10 bit 


Up to 24kHz sampling rate from Jew Up to 18kHz sampling rate 
a386/33MHz machine ^. Тот а 386/33МН2 machine 


0-5V Input range 0-2.5V Input range 


BNC input connector allows Digital output 
use of standard scope probes D25 input connector 


30V overload protection 30V overload protection 
Parallel port connection Parallel port connection 





coScope 


temper: 


PicoLog 
































































ADC-16 eight channel 16 bit 


Software selectable single 
ended or differential inputs 


Resolution programmable 





Up to 18kHz sampling rate 
0-5V Input range 

























O TECHNOLOG 











| ღამ | BNC input connector allows between 8 and 16 bits + sign 
S use of standard scope probes | 

| : +2.5V input range 

:: р ታ/  30Voverloadprotection 

© 5 ; 5V reference output 

"T Parallelport connection ; 

Connects to serial port 

| Typical application | 4° |^DC M9 

_ osi 10 |-11 | 12 |-16 ADC-10with PicoScope £49 
: | Oscilloscope @ | ADC-10 with PicoScopeand PicoLog £59 
| Voltmeter. | e | MUN 

| Spectrum analyser Го | ADC-11 with PicoScope £85 
|| Audio sampling | e | ADC-11 with PicoScopeand PicoLog £95 
| Chartrecorderemulation | | ADC-12 with PicoScope £85 
| ее ADC-12with PicoScopeandPicol од £95 
ሽ P'essuremeasurement | e | ADC-16with PicoLog £109 
| Automotive monitoring | | 

| Medicalresearch mu PicoLog (for ADC-10/11/12) £25 


СЕУ Oscilloscope probes (x1 x10) £10 


EID 
де: 
፪ С 
EO 
ዉን 
ድረ 
PO 
Е — 





ጩጩበበ Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. СВЗ 7QJ. 


mm TEL: 0954-211716 FAX: 0954-211880 
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8051 TOOLS 





ICES1 


ІСЕ51+ 





8051 ВООК 


Other tools available 


WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 
TEKTRONIX 7000 SERIES OSCILLOSCOPES 
AVAILABLE FROM £200 
PLUG-INS SOLD SEPERATELY 
TEKTRONIX 2445 4 Channel 150 MHz Delay Sweep Cursors 
PHILLIPS 3065 2+1 Channels 100Mnz Dual TB Delay Sweep 
TEKTRONIX 475 Dual Trace 200 MHz Delay Sweep 
TEKTRONIX 465 Dual Trace 100 MHZ Delay Sweep 
TEKTRONIX 2215 Dual Trace 60 Мн? Delay Sweep 
TEKTRONIX 455 Dual Trace 50 MHz Delay Sweep 
TEKTRONIX SC504 Dual Trace SOMHz in TM5038 
HITACHI V650F Dua Trace 60MHz Delay Sweep 
HAMEG 605 Dual Trace 60MHz Delay 
PHILLIPS PM3217 Dual Trace 50MHZ De-ay Sweep 
IWATSU 555702 Dual Trace 20MHz 
GOULD 05300 Dual Trace 20MH? 
GOULD 052508 Dua! Trace 15MHz 
HITACHI V209 Dual Trace 20MHe Mains/Battery 
TELEQUIPMENT 032 Dua! "race 10MHz Mains /Battery 
TEKTRONIC 2430 Dual Trace 150MHz Digital Storage. 
TEKTRONIC 466 Dual Trace 100MH? Delay Sweep Analogue Storage 
H.P. 17404. Dual Trace 100Ми? Delay Sweep Analogue Storage 
THIS 15 JUST А SAMPLE - MANY OTHERS AVAILABLE 


PHILLIPS PM5193 Programmable synthesizer/ 
Function Generator 0.1MHZ - 50MHZ IEEE-488. 
As new 


MARCONI 2018 Synthesized AM/FM Sig Gen BOKHz 520MHz 
RACAL 9081 Synthesized Sig Gen 1.5 520MHz 

EIP/DANA 341D Microwave Frequency Courter 20Hz - 18GH2 
RACAL/DANA 1991 Мапозесойд Un versal Counter 

RACAL 9302 RF Mihivoltmoter True RMS 10KHz 1.5GHz 
RACAL 9301A RF Mulwaitmeter True RMS 10KHz 1.5GHz 
RACAL 9009 Automatic Mod. Meter 10MHz-1.5GHz Wide Deviation 
LYONS PG73N Pulse Gen. PRF H- 20MH7 

KEITHLEY 224 Programmable Current Source 

FARNELL PSG520 Syn. AM/FM Sig, Gen 10062 - 520MH7 
PHILLIPS PM6309 DISTORTION Meter 0.01% 

Н.Р. 53414 Frequency Counte' SOMHz 4.5GH2 

RACAL 1998 Freq Counter 1.3GHz (GPIB & High Stab) ....... 
GAY MILANO Line Voltage Analyser 

Н.Р. 7470A Plotter 2 pen HPIB..... 


BRUEL & KJOER Vibration Exciter аена 
Consisting of Exciter Control 1047: Power Атр 
2708 & Exciter Body 4802 (up to 1780M - 4000) 
OTHER B&K EQUIPMENT AVAILABLE 


SPECTRUM ANALYSERS 


Н.Р. 141T with 8555A & IF PlugIn ЛОМН; 1ጾርዘሪ .. £1800 
Н.Р. 1411 with 85548 4 85528. 500KHé 1250MHz £1300 
Н.Р, 140T with 85541 & 85524 500КНг 1250МН? £1000 
H.P.141T with 85564 & 8552B 20H? · 300KHz £1000 
H.P. 140T with 85536 & 85524 160Hz - 110MHz.... £800 
MARCONI TF2370. 1KHz- 110MHz igh £1500 
Н.Р. 182С with 85588 100Hz - 1500MHz 38 £1500 


Low cost entry level In-Circuit-Emulator for the 8031/51. 
Operates at 11Mhz 28k bytes of program memory, includes 
many features to aid program development but uses some 
resources of the target 8051. 


Advanced emulator for the 8031/51. Operation selectable up 
to 16MHz, 64k bytes of program memory, uses none of the 
target (8051) resources. 


8051 "С" COMPILER 


Micro/C51 is an integer IC” like compiler for the MCS51 
family. Easily customised for any МС551 family variant. 
High level language debugger available (£75) 


A very good text on the 8051 architecture, programming and 
application. The book is supplied with free (un-supported) 
IBM/PC based assembler and simulator. 


prices exclude VAT and delivery 





Micro AMPS Limited 
66 SMITHBROOK KILNS, 
CRANLEIGH, 
SURREY GU6 8JJ, UK 
Tel: +44(0)483 268999 
Fax: +44(0)483 268397 


£225 


£495 





£95 


£49.95 


Н.Р. 86408 Sig. Gen 20Hz - 1024MHz £1800 
Н.Р. 8620C Sweep Osc. with 862454 5.9-12.46Н? £750 
MARCONI Dial Freq. Meter 2687 £900 
BRADLEY 192 Osc Позсоре Calibrator £600 
WILTRON 500 Scaler Network Analyser wt Detectors £1000 
FERROGRAPH Aucio Test Set with ATU £550 
LINDON LA1 МК2В Audio Analyser £500 
DATRON 1061A 6.5 digit true RMS AC Current #1250 
DATRON 1065 Multimete- AC/DC ohms IEEE £600 
HEWLETT PACKARD 34904 Bench Multimeter, 5 Digit AC/DC/Ohms ... £200 
PHILLIPS PM2534 Мил Function DMM 3.5 - ፀ 5 digit with 

GPIB/IEEE Only £450 
MARCONI Digital Frequency Meter. 24304 10Hz-80MH7 £125 
MARCONI Digtal Frequency Meter 2431A 10Hz-200MHz £150 
MARCONI Universal Counter Timer 2437 DC - 100MHz #175 
MARCONI Universal Counter Timer 2438 DC - 520MHz £225 
BLACK STAR Jupitor 500 Sine/Sq/Tri 0.1Hz-500KHz 

THANDAR TG101 Func. Gen, 0.02Hz 200KHz Sine/Sq/Tri/TTL 


SOLARTRON/SCHLUMBER 1250 FREQUENCY 
RESPONCE ANALYSER 2 


Н.Р, 86908 Sweep Osc with 86974 Plug-n. 26.5-40GHz 

RACAL /DANA RF Power Meter 9104 

WAYNE KERR 8905 Automatic Precisior Badge 0,05% £900 
WAYNE KERR 8605 Automatic Componert Bridge 0.1% £350 
WAYNE KERR 8424 Digital LCR Meter £125 
COSSOR 108L Optical Cable Fault Locator £1500 
BICCOTEST 7431M Cable Test Set £1000 
FARNELL PSU. TVS7OMK2. 70V 5A/30V 10А Н 2300 
FARNEL PSU H60/25 0-60V; 0-254mps Metered £400 
FARNEL 830/20 0-30V, 20Amps £250 
FARNEL 820/10 0.30%, 10Anps £200 
BRANDENBURG 472R PSU +/- 2KV £200 
MARCONI TF2700 Universal LCR Bridge. Battery from £150 
FARNELL LA520 RF Power Amp. 1.5:520MHz 300mW ... v uu 6175 
RACAL 9100 Absorption Wattmeter 1MHz-16Hz 3W £100 
KIKUSUI #VM23 AC Voltmeter Dual 10Hz - SOOMHz £100 
AVO Valve Tester CT160 £75 


FARNELL ISOLATING TRANSFORMERS 
60500 240V 500A Un-Used £50 


ISOLATING TRANSFORMERS 5004 Un-Cased £30 


NEW EQUIPMENT 


HAMEG OSCILLOSCOPE HM 1005 Triple Trace 100MHZ. 

Delay Timebase ....... ”' 2848. 

HAMEG OSCILLOSCOPE НМ 604 Dual Trace GOMHZ, 

Delay Sweep £653 

HAMEG OSCILLOSCOPE HM203.7 Dual Trace 20MHZ 

Component Tester ........ £362 

HAMEG OSCILLOSCOPE HM205.3 Dual Trace 20MH2 

Digital Storage £653 
All other modeis avaiable all oscilloscopes supplied with 2 probes 


BLACK STAR EQUIPMENT (p&p all units £5) 

APOLLO 10 100MHZ Counter Timer Ratio/Period/Time Interval etc 

p = #222 
APOLLO 100 - 100MHZ (As above with more functions) £325 
METEOR 100 FREQUENCY COUNTER 100MHZ 2349 
METEOR 600 FREQUENCY COUNTER 600MHZ £145 
METEOR 1000 FREQUENCY COUNTER 1GHZ £189 
AUPITOR 500 FUNCTION GENERATOR 0.1 HZ-500KHZ. Slne/Sq/Tr ..., £118 
ORION COLOUR BAR GENERATOR Pal/TV/Video £229 

Ан otner Black Star Equipment available 


OSCILLOSCOPE PROBES Switchable xl: x10 (P&P £3) £12 


Used Equipment Guaranteed- Manuals supplied if possible 
This is а VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availabillty before ordering CARRIAGE all units £16 
VAT to be added to Total of Goods and Carriage 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 IPL 


EN 





Telephone: (0734) 268041 Fax (0734) 351696 Callers Welcome 9am-5.30pm Mor-Fri (until 8pm Thurs) 
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SUMMER 1993/94 
CATALOGUE 








NEW EDITION! 


The new enlarged 
Catalogue is out now! 


Included in this issue: 

ው A further 16 extra pages 
£200 worth discount vouchers 
100’s new products 


У УУ 


256 pages, 26 sections, over 4000 products from 
some of the worlds finest manufactures and supplies 


Expanded entertainment section with in-car amps, 
speakers, crossovers and low cost disco equipment 


У 


ው Further additions from Europe's leading kit 
manufacture - Velleman 


Published April 28th1994 
Available from most large newsagents or direct from 
Cirkit 

> Send for your 
copy today! 


УУ 


CIRKIT DISTRIBUTION LTD 


Park Lane - Broxbourne - Hertfordshire - EN10 7NQ 
Telephone (0992) 448899 - Fax (0992) 471314 





GENERAL PURPOSE SENSOR 





MONITOR 


Sensors and transducers are interesting electronic devices to 
work with, but the snag is that their output signal invariably 
requires a made-to-measure amplifier that enables an indicator 
circuit to be driven. LDRs, temperature sensors, strain gauges, 
they all need an amplifier with very specific characteristics. 
The amplifier described here is designed to handle almost any 
sensor signal, has adjustable switching thresholds, and will be 
invaluable for quick experiments with a wide variety of 
sensors, both polarized and unpolarized. 


Design by M. Haas 


НЕ heart of the circuit shown in 

Fig. 1 is formed by the trusty 741 
opamp, IC4. Here, the 741 is wired asa 
comparator with hysteresis. The sen- 
sor voltage arrives at the non-inverting 
input, pin 3, ма a low-pass filter, R4- 
C3, which serves to suppress fast sig- 
nal variations. The inverting input of 
the opamp. pin 2, is held at a reference 
level which is adjustable with preset 
Pı. As long as the voltage on pin З is 
lower than that on pin 2, the output of 


the 741, pin 6, will remain low (approx. 
О V). The output swings high (to about 
10 V) if the voltage on pin 3 is higher 
than that on pin 2. 

Hysteresis is introduced by R; and 
Р which feed a small portion of the 
output voltage back to the input. The 
opamp output voltage is fed to two 
NAND Schmitt trigger gates, [Сс and 
ІС;а, via low-pass filter Rg-Cs. The two 
gates are inverters, and allow a single 
jumper to select between a relay which 


is normally energized or normally off. 
The choice between jumper A or B de- 
pends on the comparator's output level 
under normal conditions, and, thus, 
on the type of sensor used. 

The relay is driven by transistor Т, 
via resistor Rg. LED D» gives an extra 
indication of the current relay state (on 
or off). Since the relay coil current is 
greater than the maximum permissible 
current through the LED, the two de- 
vices can not be connected in series 
just like that. Shunt resistor Rio pre- 
vents a too high voltage across the LED 
(i.e., too much current through the de- 
vice). 

The relay contacts are brought out 
to pins on connector К». The pin 
marked 'P' is the pole, while 'NO' and 
'NC' mark the normally open and nor- 
mally closed contact respectively. 

Although the contacts of the relay 
mentioned in the parts list are, in prin- 
ciple, capable of switching the mains 
voltage, that should not be attempted 
for the sake of safety. If you still wish 
to switch mains operated loads, mount 
the relay off the board, in a separate, 
ABS, enclosure. For the sake of safety, 
use grommets and strain reliefs for the 
mains wiring, and isolate the relay pins 
with heat-shrink sleeving. 


Bistable 


The output signal of the comparator is 
also used to clock a D-type bistable, 
IC2b. Because the D (data) input of the 
bistable (pin 9) is tied permanently to 
the +10-У supply rail, the Q output will 
go high on the first positive-going edge 
of the clock signal. The high level of Q 
is used to drive Т» into saturation, 
whereupon LED D3 lights. That condi- 
tion is maintained until the circuit is 
reset manually by pressing switch 5). 
The LED so indicates that the circuit 
was actuated at least once, which is 
very useful if it is used as a sensor 
monitor which operates unattended for 
long periods. Note that such a memory 
function can not be obtained from the 
relay, because that is simply a 'slave' to 
the comparator output. 


Inputs 


The input of the sensor monitor con- 
sists of four electronic switches, IC3a- 
ІСза, and an oscillator built around 
IC;4 and ICjp. The oscillator supplies a 
square wave signal with a frequency of 
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Fig. 1. The circuit consists of a comparator, a relay, and four electronic switches driven by an oscillator. 


about 1 Hz. This signal is fed to 
bistable IC2,, which divides it by two, 
and provides two complementary out- 
put signals with a frequency of 0.5 Hz, 
and a duty factor of 0.5. These signals 
are available on outputs Q (pin 1) and 
Q (pin 2), and control the four elec- 
tronic switches contained in 103. 

Assuming that output Q is high, and 
О low, switches IC3, and за are 
closed, and the other two, open. In 
other words, the 'left-hand' side of the 
sensor (which is wired to Kj), is con- 
nected to the +10 V line ма ICs, and 
resistor Rg, while the ‘right-hand’ side 
is taken to ground via ІСза. 

One second later, this situation is 
reversed: the О output of 125, is logic 
high, switches IC34 and ICs. are closed, 
and the other two, opened. The right- 
hand side of the sensor is then con- 
nected to the +10-V rail via IC3 and 
Ез, while the other side is connected to 
ground via ІСза. In other words, the 
sensor connections are 'reversed' at a 
rate of 0.5 Hz. The purpose of this 
arrangement will be discussed further 
on. 

Low-pass filter R4-C3 prevents the 
comparator from noticing the opening 
and closing of the electronic switches 
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(unless the sensor is a polarized type, 
which will also be reverted to below). 


Power supply 


The circuit is powered by a ready-made 
mains adaptor, which is safer and (in 
many cases) less expensive than a sep- 
arate transformer. The type of adaptor 
required is one with a direct output 
voltage between 11 V and 26 V. The 
adaptor output is stepped down to 
10 V by a three-pin fixed voltage regu- 
lator Type L4810. The more common 
7810 is not used here because it would 
require an input voltage of at least 
13 V, which means that at least 3 V is 
"wasted'. By contrast, the L4810 intro- 
duces a voltage drop of only 1 V, which 
means that less supply power is 
needed. 


Applications 


To start with, it is, of course, possible 
to use two electrodes to form a sensor. 
This could be used to monitor the con- 
ductivity or concentration of a certain 
solution. Alternatively, you may want 
to use an LDR (light-dependent resis- 
tor), which has a high resistance in the 


dark, and a low resistance in the light. 
Consequently, the sensor voltage at the 
comparator input will be high in the 
dark, and low in the light. 

A potentiometer may also be used as 
a positioning sensor to check the oper- 
ation of a mechanical device. For tem- 
perature measurements, an NTC 
(negative temperature coefficient) or a 
PTC (positive temperature coefficient) 
resistor may be connected up. 

The above sensors are all non-polar- 
ized. Consequently, they pass current 
in both directions, and may be con- 
nected both ways around. Polarized 
sensors may also be used. The sim- 
plest of these is created by connecting 
a diode in series with the previously 
mentioned LDR. Consequently, current 
can flow in one direction only. That has 
the following effect: as it grows dark, 
the sensor voltage rises to a level where 
the comparator toggles, and the relay 
is energized (or de-energized, depend- 
ing on which jumper is fitted). 
However, as soon as the polarity of the 
sensor is reversed (by the oscillator 
and the electronic switches), the com- 
parator will toggle again. This on/off 
change is repeated over and over again, 
so that the relay is switched on and off 
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Fig. 2. Track layout (direct reading) and component mounting plan of the PCB designed for 
the sensor monitor (PCB not available ready-made). 


at a rate of 0.5 Hz. In certain cases, 
this may boost the attention drawing 
effect of, for instance, an alarm siren 
connected to the relay contacts. The 
'trick' may also be applied to the previ- 
ously mentioned ‘positioning’ poten- 
tiometer. 

A photodiode forms a polarized sen- 
sor without the help of an extra diode. 
Photodiodes may be connected either 
way around, taking into account that 
the operation of the relay changes 180 
degrees. The same may, of course, be 
achieved by moving the jumper to the 
other position, or by swapping the NO 
and NC relay contacts. 


Construction 


The artwork of the printed circuit 
board designed for the sensor monitor 
is shown in Fig. 2. Unfortunately, this 
board is not available ready-made 
through the Readers Services, so that 
you have to produce it yourself from 
the drawings given, or build the circuit 
on prototyping board. 

The board is populated in the usual 
way, that is, starting with the wire 
links and the low-profile parts, fol- 
lowed by the taller parts. The ICs are 
fitted last. 

After a careful check on the solder 
work and the orientation of the polar- 


COMPONENTS LIST 


‘Semiconductors: 
01 = 194148 . 
: = LED red 3mr 


| 12 = BC550C | 
IC1 = 4093 
172 = 4013 _ 
IC3 = 4066 
164 = 741 - 
165 -14810 


Miscellaneous: 





ized components, the board may be fit- 
ted into suitable enclosure. The photo- 
graph in Fig. 3 shows our prototype, 
which may give you further ideas as re- 
gards construction. The circuit is then 
almost ready for use. 


Adjustment 


The reference voltage at the inverting 
input of the comparator may be varied 
between about 2 V and 7.3 V with pre- 
set Pı. To enable the comparator to 
toggle, the sensor output voltage must 
lie in this range. Remember, the sensor 
forms a voltage divider together with Ra 
(100 КО). Consequently, to enable a 
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ESR ELECTRONIC COMPONENTS 
Station Road, Cullercoats, É 

Tyne & Wear МЕЗО 4РО Derr. EE 
Tel. 091 251 4363 Fax. 091 252 2296 


TRANSISTORS LINEAR ICs SOLDERING IRONS RF CONNECTORS 


241613 £0.31 8ር186 60.33 80534 - £0.47 ርለ311፪ 0.28 Antex Soldering irons BNC Solder Рид 508 £0.93 
241711 20.26  BC204C £0.72 80535 £048 ርል324 0.35 BNC Solder Plug 758 የ0.96 
2N1893 £0.29 8C206B £0.72 80536 #065  CA555 £0.22 ВМС Crimp Plug50R £0.68 
2N2218A £0.28 8C207C £0.72 80646 £0.52  САТАТСЕ [0.28 ВМС Crimp Plug 75R #0.68 
2N2219A £0.25 8ር208 £0.72 80648 £052 CA747CE £0.39 BNC Solder Skt £1.08 
2N2222A £0.16  BC209A £0.72 80650 £0.53 ርለ3046 £0.37 BNC Chassis Skt £0.80 
242646 £0.80 BC212 £0.08 80707 £0.42 CA3080 የ072 PL259 5.2mm £0.68 
2N2904A £0.25  BC212L £008 80807 £0.80 CA3130 £0.98 PL259 11mm £0.62 
2N2905A £0.23  BC2!2LB £0.08  BDX32 £1.78 CA3130E £0.98 RND UHF socket £0.68 
2N2907 £0.20 8ር213 £0.08  BDX33C £0.46 CA3140 £0.56 SQR UHF socket £0.45 
2N2926 £016 BC213LC #008 BDX34C £0.50 ርለ3240 £1.22 F Plug RG58 £0.30 
2N3053 £027 8С214 £0.08 80አ53ር £0.47 ICL7621 #170 F Plug RG6 £0.27 
2N3054 £0.90  BC214L £0.08 8DX54C £0.50 ICM7555 £0.43 N Plug RG8 £1.60 
2N3055 £0.62  BC237B £0.09  BF180 £0.31 ICM7556 የ0.96 N Socket RGB £1.40 
2N3440 #050  BC238C #009  BF!82 £0.31 LM301A #025 BNC Crimp Pliers £15.50 
2N3702 #009  BC239C  f0.10  BF!85 £0.31 LM348N £0.31 
2N3703 #010  BC251 £0.13 8ዩ194 £0.19  LF351N £0.36 PCB EQUIPMENT 
2N3704 £0.10 ВС252 £013 86195 £0.19  LF353 £0.41 UV EXPOSURE UNIT 
2N3705 £0.10 BC261B £0.24  BF244 LM358N 60.27 PLASTIC DEVELOPING TRAY 
2N3706 £0.10  BC262B #024  BF257 [ለ4377 £2.57 PHOTO RESIST AEROSOL SPRAY (100ml) 
2N3771 #144  BC267B £0.30 BF259 LM380N — £1.12 FERRIC CHLORIDE CRYSTALS (0.5Kg) 
2N3772 #151 8ር307 £010  BF337 LM381 £2.70 TIN PLATING POWDER (50, 9 
243773 £179 80308 £0.10 86356 LM386 £0.48 ITCH RESISTIBEN (909) 
: Е 
243819 £0.40 8ር327 £0.10 86423 LM38 БТР сыата 
STRIPBOARD 01 PITCH 


4000 Series 


4000 £0.17 
4001 £0.21 
4002 £0.17 
4006 £0.40 
4007 £0.28 
4008 £0.31 
4009 £019 
4010 £0.23 
4011 £0.26 
4012 £0.16 
4013 £0.21 
4014 £0.30 
4015 £0.31 
4016 £0.18 
4017 £0.27 
4018 £0.27 
4019 £0.19 
4020 £0.31 
4021 £0.31 
4022 £0.32 
4023 £0.16 
4024 £0.21 
4025 £0.15 
4026 £0.59 
4027 £0.18 
4028 £0.22 


74LS-Series 


741500 £0,22 
741501 £0.14 
741502 £0.14 
74LS03 £0.34 
741504 £0.14 
74LS05 £0.14 
741508 £0.14 
741509 £0.14 
741510 £0.14 
7405107 £023 
74LS109 £0.21 
741511 £0.17 
7405112 «0.21 
7ALS113 £0.21 
7415114 £021 
74.512 £0.14 
7415122 60.31 
741$123 የ0.31 
7405125 £0.21 
74LS126 #021 
74LS13 £0.14 
7415132 £0.21 
7405133 £0.18 
7415136 የ0.16 
7415138 60.24 


£7.75 
£7.78 
£7.96 
£7.88 
£7.96 
£2.85 
£11.58 
£3.00 
£4.30 
£7.40 
£6.60 
£0.62 
£0.87 


CS 17 Watt 

XS 25Watt 

ST4 STAND 

35Watt Gas Iron 
Desolder Pump 
Antistatic Pump. 
22SWG 0.5Kg Solder 
18SWG 0.5Kg Solder 
1mm 3 yds Solder 
Desolder Braid 


£67.38 
£1.35 
£3.90 
£2.45 
£10.80 
£0.72 
£1.84 


BREADBOARD 


ደ1.60 
2N3820 £0.58 BC328 £0.10 BF451 LM392N 


£0.79 
2N3904 £0.10  BC337 £0.10  BF459 LM393N £0.28 


7415139 #025 
741514 £0.18 
7405145 £0.56 


4029 £0.36 
4030 £0.17 
4031 £0.70 


2N3905 
2N3906 
2N4036 


£0.10 
£0.10 
£0.31 


BC338 
BC414C 
BC441 


£0.10 
£0.13 
£0.40 


BF469 
BFX29 
BFX84 


LM748CN 
LM1458 
LM3900 


£0.31 
£0.26 
£0.72 


64mm x 25mm £0.27 
64mm x 95mm £0.90 
64mm x 431mm £3.22 


81mm x 60mm 
175mm x 42mm 
175mm x 67mm 


£3.06 
£374 
£5.56 


7405147 £1.26 
7415148 £0.70 
7ALS15 £0.14 
7415151 £0.25 
7405153 የ0.25 
7415154 የ0.70 
7415155 £0.25 
74LS156 £0.36 
7405157 £0.25 
74LS158 £0.25 
74.5160 £0.32 
7ALS161 £0.32 
7415162 £0.32 
7ALS163 £0.32 
741.5164 £0.26 
7415165 £0.48 
74LS170 — £0.30 
74L8173 £0.24 
7415174 £0.24 
7415175 £0.24 
7445190 £0.25 
7415191 £0.24 
7415192 £0.42 
7415193 £0.24 
7415195 ያ0.24 
7415196 £0.24 
74LS197 £0.24 
74,520 £0.16 
741521 £0.14 
744522 £0.14 
7415221 £0.36 
7415240 £0.32 
7415241 £0.32 
7415242  f0.32 
7415243 £0.32 


2N5296 £0.57 
£0.57 
£0.60 
£0.30 
£0.30 
£0.28 
£0.45 
፻0.37 
፻3.84 
£1.67 
£0.92 
£0.92 
£0.14 
£0.15 
£0.13 
£0.14 
£016 
£0.14 
£017 
£0.41 
£0.41 
£0.41 
£0.41 
£0.36 
£0.36 
£0.36 
£0.25 
£0.27 
£0.31 
£0.34 
£0.21 
£0.36 
£0.12 
£0.12 
£0.28 
£0.16 


BC461 
BC463 
BC478 
BC479 
86480 
BC516 
BC517 
BC527 
86528 
86537 
BC546C 
8C547C 
8C548C 
BC549C 
BC550C 
BC556A 
BC557C 
BC558C 
BC559C 
BC560B 
BC637 
BC638 
BC639 
BC640 
BCY7O 
BCY71 
BCY72 
BD135 
BD136 
BD137 
BD138 
BD139 
8D140 
BD150C 
BD165 
BD166 


£0.40 
£0.29 
£0.32 
£0.32 
£0.24 
£0.22 
£0.20 
£0.20 
£0.20 
£0.20 
£0.08 
£0.09 
£0.08 
£0.10 
£0.08 
£0.08 
£0.08 
£0.08 
£0.08 
£0.09 
£0.21 
£0.21 
£0.21 
£0.21 
£0.21 
£0.20 
£0.20 
£0.20 
£0.21 

£0.22 
£0.22 
£0.23 
£0.24 
£0.82 
£0.42 
£0.35 


BFX85 
BFY50 
BFYS1 
BFY52 
85107 
85170 
BSW66 
8ህ126 
8ህ205 
BU208A 
8ህ326ል 
8ህ500 
8ህ508ል 
8ህ526 
8ህ806 
BUX84 
IRF540 
18፻740 
MJ11015 
MJ11016 
MJ2501 
MJ3001 
MJE340 
МЈЕЗ50 
MPSA13 
MPSA42 
MRF475 
TIP121 
TIP122 
TIP125 
TIP127 
TIP132 
TIP137 
TIP142 
ТІР147 
TIP2955 


LM3914 
LM3915 
MC3340 
MC4558 
NE531 
NES556N 
NE567N 
NE5532 
NE5534 
TBA120S 
TBAB10S 
TBA820M 
TDA2030 
TLO61 
TLOG2 
TLOGA4 
TLO71CP 
TLO72CP 
TLO74CN 
1L081 
1L082Cჩ 
TLOB4CN £0.46 
ህል733 £0.64 
ULN 2003 £0.52 
ULN2004 £0.48 
234142 ደ1.04 
ZN425E £4.68 
ZN426E £2.61 
ZN427E £8.82 
ZN428E £6.12 
ZN435E £5.31 
ZN448E £7.92 


EPROMS & 
RAMS 


£270 
£2.70 
£1.60 
£0.36 
£1.56 
£0.36 
£0.36 
£0.80 
£0.66 
£0.77 
£0.68 
£0.39 
£1.35 
£0.35 
£0.42 
£0.46 
£0.32 
£0.34 
£0.48 
£0.33 
£0.34 


96mm x 127mm £1.50 
95mm x 95mm £1.10 
95mm x 431mm £4.80 
100mm x 160mm £1.60 
119mm x 454mm £6.20 


PHOTO RESIST BOARD 
(G. Fibre) 


203mm x 75mm includes 
mounting plate & posts £7.36 
COPPER BOARD (6. Fibre) 
100mm x 160mm £0.90 
110mm x 220mm £1.24 
PHOTO RESIST BOARD 
(Paper) 


4033 £0.56 
4034 £1.24 
4035 £0.31 
4040 £029 
4041 £0.31 
4042 £0.22 
4043 £0.28 
4044 £0.35 

4046 £0.31 
4047 £0.25 
4048 £0.31 
4049 £0.20 
4050 £0.20 
4051 £0.36 
4052 £0.25 
4053 £0.25 
4054 £0.56 
4055 £0.34 
406: созе 

4063 £0.29 
4066 £0.18 
4067 £1.91 
4068 £0.16 
4069 £0.20 
4070 £0.17 
4071 £0.20 
4072 £0.17 
4073 £0.17 
4075 £0.17 
4076 £0.30 
4077 £0.17 
4081 £0.14 
4082 £0.21 
4085 £0.28 
4086 £0.26 


"ха" 

“‹6 
х8" 

"xe 


CAPACITORS 


Ceramic Mini Disc 100 & 63V 
1.0pF to 100nF 
1pF-1nF £0.06, 1n2-2n7 £0.07. 
3n3-4n7 £ 0.12, 
10n & 12n £0.07 

Polystyrene 160V 5% 47pF to 10nF 
47p-2n2 £0.09. 2n7-10n £0.12 


D CONNECTORS 


Plug Socket 
£0.20 0.30 
£0.39 £0.39 
£0.81 £0.90 
23 Pin £0.40 £0.49 
25 Pin £0.48 £0.50 

9 Way plastic cover £0.30 
15 Way plastic cover £0.33 
23 Way plastic cover £0.36 Latching Push Sqr £0.63 
25 Way plastic cover £0.36 PCB Tact 6 x ómm #0.25 


BRIDGE RESISTORS 


£0.86 
£1.62 
£2.09 
£2.41 


£0.67 
£1.24 
£1.58 
£4.63 


SWITCHES 


3amp 250v 6 4mm ф mounting 
SPST Toggle 

SPDT Toggle 

SPDT CO Tog 

DPDT Toggle 

DPDT CO Toggle 

DPOT CO Toggle 

(biased) 

DPDT CO Toggle 

(biased 1 way) 

DPDT min: slide 

Rotary Wafer 1P-12W, 2P-6W, 
3P-AW. 4P-3W 

Key Switch SPST 

Push to make 

Push to break 


£0.58 
£0.60 
£0.64 
£0.68 
£0.76 
#1.52 
ፈ0.40 
£0.42 
£0.12 
£0.17 
£6.21 
£0.35 
£0.37 
£0.37 
£0.37 
£0.46 
£0.46 
£1.08 
£1.12 
£0.63 


£1.20 


£1.20 


9 Pin £0.15 


15 Pin 


15Ра НО £0.78 


£2.70 
£0.25 
£0.28 


7415244 £0.32 
7405245 £0.36 
74LS247 £0.32 
7415251 £0.24 


4089 £0.55 
4093 £0.18 
4094 £0.31 
4095 
4097 


8ር1718 
ጻር172 
8ር1728 


£0.16 
£0.11 
£0.16 
£0.13 
£0.13 


80187 
80201 
80202 
80203 
80204 


£0.39 
£0.40 
£0.40 
£0.40 
£0.40 


TiP29C 
TIP3055 
TIP30C 
TIP31C 
TIP32C 


£0.31 
£0.63 
£0.31 
£0.34 
£0.32 


2716 
2732 
2764-25 
27C64.25 


£4.46 
£4.84 
£3.00 
£2.80 


RECTIFIERS 0.25W 5% CF E12 Series 
0.5W 5% CF E12 Series 
W005 1 5ል 50V 0.25W 1% MF E24 Series 
WO2 1.5A 200V POTS Log or Lin 470R 
BR32 ЗА 200V shaft 


£0.60/100 
£0.95/100 
£1.72/100 


1MO 25mm dia 0.25in 


£0.42 


7415257 £0.24 
7415258 £0.24 
741526 £0.14 
7415266 £0.14 
741527 £0.14 
7415273 £0.32 
74LS279 የ0.25 
74LS30 የ0.14 
741532 ደ0.14 
7405365 £0.21 
7405367 £0.21 
7415368 £0.21 
741537 £0.14 
7415373 60.32 
7415374 £0.32 
7405375 የ0.34 
7415377 £0.32 
74LS378 £0.62 
74.538 £0.14 
7405390 £025 
7405393 £0.24 
7415395 £0.26 
7415399 £0.62 
74LS40 £0.14 
741542 

741547 

741551 

7415670 

741573 

741574 

74.575 

74.576 

74.583 

74.585 

741586 

741590 

741592 

741593 


PRESETS Enclosed Horz 
or Vert 100R 1МО ዐ ገ5ህሃ 
PRESETS Skeleton Horz 
or Vert 100R 3MOO.1W £0.11 
X PLEASE STATE VALUE REQUIRED ж 


COMPUTER ACCESSORIES 


Parallel Printer Lead 2m 

85232 Lead (all pins) Male Male 
85232 Lead (all pins) Female Male 
Centramcs 36 Way Lead Male Male 
Gender Changers 

9 Way D Mini Female to Female 

9 Way D Мил! Male to Male 

25 Way D Mini Female to Female 

25 Way D Mini Male to Male 

9 Way D Female to Female 

9 Way D Male to Male 

25 Way D Female to Female 

25 Way D Male to Male 

Adaptors 

9 Way Male to 25 Way Femaie 

9Way Femaie to 25Way Маје 

25 Way Male to 9 Way Female 

25 Way D Male to 36 Way Centronic 
25 Way Null Modem Female Female 
25 Way Null Modem Male to Female 
25 Way Null Modem Male to Male 
RS232 Surge Protector Male - Female 
RS232 Jumper Box Male to Female 
85232 Tester (7 LEDs) Male Female 
Data Switch Boxes 

Serial Switch box - 2 Way A/B 

Serial Switch Бох 3 Way A/B/C 
Serial Switch Бох 4 Way A/B/C/D 
Serial Switch box Cross over 
Parallel box 2 Way A/B 
Parallel box 3 Way А/В/С/ 
Parallel box 4 Way A/B/C/D 
Parallel box Cross over 


ORDERING INFORMATION 


All prices exclude VAT. 
Please add £1.25 carriage to all orders and VAT (17.5%). 
No minimum order charge. 
Free Computer listing with all orders over £5.00. 
Please send payment with your order. 

PO/Cheques made payable to № 
ESR Electronic Components VISA 

Access & Visa cards accepted 
Offical orders from schools & colleges welcome. 


CALL IN - OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00 


8ር177 
BC178 
BC179 
BC182 
BC182L 
BC182LB 
BC183 
BC183L 
BC183LB 
BC184 £0.08 
BC184L £0.08 


TRIACS 


201050А £0.42 
TIC206D £0.65 
TIC226D £0.73 
8ፐል08-6008 £0.84 
TIC236D £0.96 
DIAC | 


VOLTAGE 
REGULATORS 


78105 
78112 
78115 
79105 
79112 
79115 
7805 


£0.18 
£0.18 
£0.17 
£0.08 
£0.08 
£0.08 
£0.08 
£0.08 
£0.08 


BD222 
BD225 
BD232 
8D237 
BD238 
802408 
802438 
80244ል 
80246 
80441 
80442 


£0.40 
£0.42 
£0.38 
£0.32 
£0.32 
£0.37 
£0.50 
£0.53 
£1.06 
£0.41 
£0.41 


THYRISTORS 


PO102AA £0.30 
TIC106D £0.40 
TIC116D £0.66 
TIC126D £0.77 


HARDWARE 


T2 Box 75 x 56 x 25mm £0.82 
ТЗ Box 75 x 61 x 25mm £0.82 
T4 Box 111 х 57 x 22mm £0.98 
МВ1 Вох 79 х 61 х 40mm #144 
MB2 Вох 100x 76x 41mm £1.56 
MB3 Вох 118x98x45mm £1.82 
MB5 Box 150 x 100 x 60mm £2.50 


TIP33C 
TIP41A 
TIP42C 
[[ኮ47 
TIP48 
Т!Р50 
VN10KM 
VN66AF 
ZTX300 
ZTX500 


£0.72 
£0.36 
£0.38 
£0.48 
£0.62 
£0.53 
£0.44 
£1.50 
£0.16 
£0.16 


BR62 6A 200V 
1004 10A 400V 


4098 
4099 
4502 
4503 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
4528 
4529 
4532 
4534 
4536 
4538 
4541 
4543 
4555 
4556 
4560 
4566 
4572 


21728-20 
27C128-20 
27256-20 
27C256-20 


£3.69 
£3.31 
£3.99 
£3.57 


£0.15 


276512 
270010 
6116-10 
6264-10 
62256-10 
4164.15 
41256.10 
511000-8 £5.61 
514256-8 £5.61 


DIL SOCKETS 


8 Pin £0.07 
14 Pin £0.11 
16 Pin £0.15 
18 Pin £0.15 
20 Pin £0.16 
24 Pin £0.19 
28Pin £0.22 
40 Pin £0.25 


ELECTROLYTIC RADIAL CAPACITORS 
4584 


4585 16V 25V 63v 100V — 450V 
4724 . у - 20.05 £0.07 
40106 ] $ S £0.05 £0.06 
40109 i - - £0.05 £0.06 
40163 : - £0.05 #008 
40174 £0.05 £0.06 £0.08 
40175 £0.05 £0.09 - 
40193 ደ0.06 ደ0.11 

£0.06 £0.11 
£0.09 £0.31 
£0.15 


£0.57 
£0.22 
£0.37 


£3.69 
£4.97 
£1.53 
£3.06 
£4.83 
£1.78 
£2.80 


Zener Diodes 2V7-33V 
BZY88400Mw = £0.08 
BZX85 1.3W £0.14 
1N4001 £0.06 
1N4002 £0.07 
1N4003 £0.07 
1N4004 £0.07 
1N4005 £0.07 
1N4006 £0.08 
1N4007 £0.08 
1N5400 £0.09 
1N5401 £0.09 
1N5402 £0.09 
1N5404 £0.11 
1N5406 £0.11 
1N5407 

1N5408 

1N914 

1N916 

144148 

BY133 

ዕል47 

0490 

ዐል91 

ዕል202 

8ል157 

8ል158 

BA159 

1N4149 

OA200 


£0.15 
£0.18 
£0.30 
£0.05 £0.48 
£0.05 - 

ደ0.06 
£0.09 
£0.12 
£0.19 
£0.29 = 
£0.57 - 
£1.11 E 


ENAMELLED 
СОРРЕВ 
WIRE 


All 202 Reels 
14 SWG £0.63 
16 SWG £0.67 
18 SWG £0.67 
20 SWG £0.72 
22 SWG £0.76 
24 SWG £0.80 
26 SWG £0.89 
28 SWG £0.91 
30 SWG £0.93 
32 SWG £0.93 
34 SWG £0.99 
36 SWG £1.04 
38 SWG £1.10 
40 SWG £1.22 


ТО DEVICES 

5mm Red LED 
5mm Green LED 
5mm Yellow LED 
3mm Red LED 
3mm Green LED 16V 25V 63V 100V 450V 
3mm Yellow LED > >= оле 
ame Orange LED К Е 5 £010 
mm Flashing Red £0.09 £010 
5mm Flashing Green £0.12 £0.12 
5mm Bi Colour £0.09 £0.17 
5mm Ти Colour £0.11 £0.20 
5mm Plastic 8626! £0.13 - 
3mm Plastic Bezel £0.18 
0.3" 7 Segment Display Red БОО 
соттоп аподе £0.64 a 
common cathode ሕን 


£0.19 
£0.22 
£0.34 
£0.48 
£1.06 
£1.33 
£2.46 


£0.10 
£0.10 
£0.10 
£0.12 
£0.13 
£0.16 
£0.21 
£0.42 
£0.69 
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ЕД GENERAL PURPOSE SENSOR MONITOR 
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Fig. 3. Suggested front panel layout. 


suitable switching threshold to be set, 
the sensor must have an impedance 
between about 32 kQ and 270 kQ. A 
sensor having an impedance of be- 
tween 10 kQ and 20 kQ is, therefore, 
not suitable straight away, because 
then the voltage at the non-inverting 
input of the comparator can never be- 
come high enough for the comparator 
to toggle. If you still want to use such a 
sensor, you have to change the value of 
Rg to satisfy the following two equa- 
tions: 


Rsens(min)/ (Rsenstmin) * R3) X10V=2V; 


and 


Fig. 4. Completed prototype. 


Rsenstmax) / (Rsens(max)+R3) x 10V = 7.3 V. 


Briefly, this means that the voltage di- 
vider formed by Rg and the sensor has 
to be calculated again, whereupon the 
switching threshold and the amount of 
hysteresis can be adjusted with P, and 
Рә respectively. 

Correct adjustments of these two 
presets is awarded with good sensitive 
and an accurate switching point with- 
out relay 'chatter'. 


Electrodes 


Measuring the concentration of a 
saline solution is possible by measur- 





ing its conductivity. Two electrodes (for 
instance, copper ones) are immersed in 
the solution, a current is sent through 
them, and the voltage drop is mea- 
sured. Since pure water does not con- 
duct, the resistance formed by the 
solution, and therefore the voltage 
across the electrodes, is a measure of 
the concentration of 'salt' ions in the 
solution. Ordinary tap water conducts 
only because it contains a fair concen- 
tration of dissolved salts, and, there- 
fore, many (positive or negative) ions. 

The sensor monitor could be used to 
keep a continuous check on a certain 
concentration level. Unfortunately, 
electrolysis occurs readily if a direct 
current is sent through the electrodes. 
Electrolysis causes a number of chemi- 
cal reactions to occur at the electrodes. 
The result is usually gas, the gradual 
dissolving of one electrode, and de- 
posits of metal ions on the other elec- 
trode. Obviously, these effects can 
easily distort the results of the conduc- 
tivity measurement. 

Fortunately, the above problems are 
easily avoided by using alternating 
current instead of direct current. In 
practice, this minimizes the effects of 
electrolysis at the electrodes, provided 
the frequency of the current is high 
enough. It seems that about 100 Hz is 
the absolute minimum for such mea- 
surements, which means that the 0.5- 
Hz signal produced in the switching 
circuit at the input of the present mon- 
itor is wide off the mark. To change the 
switching frequency to about 100 Hz, 
the values of the timing components in 
the oscillator are modified as follows: 
Rı=R2=39 КО; C,=10 nF. Professional 
instruments of this type often use a 
much higher switching frequency: up 
to 10 kHz! a 
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80C535 HARDWARE/ASSEMBLER 


COURSE 


PART 3: INTRODUCTION TO COMPARE/CAPTURE UNIT (CCU) AND 


Since the CCU (compare/capture unit) 
of the 80C535 is functionally related to 
interrupts in general, these two sub- 
jects are discussed alongside each 
other in the present course instalment. 
When used in capture mode, the CCU 
enables, for instance, accurate time 
measurements to be performed by soft- 
ware. Similarly, the compare mode 
may be used to program a generator for 
variable pulsewidth signals. The timing 
of the CCU is arranged by Timer 2 in 
the 80C535. Some of the features of 
Timer 2 will be discussed here. Only a 
handful of components, and simple 
programs, are required to become fa- 
miliar with the ins and outs of the 
CCU. As usual, the relevant programs 
may be found on your course disk. 


The extended interrupt 
system 


To some of you, some interrupts may 
already be familiar, for instance, those 
related to Timer 0 and Timer 1, and the 
external interrupts (P3.2-INTO and 
P3.3=INTI). From the 8051/80C32 as- 
sembler course, you may also remem- 
ber that individual interrupt events 
cause bits in the special function regis- 
ter TCON to be set. Provided the rele- 
vant interrupt has been enabled by 
setting the corresponding bits in the 
IEN register, an interrupt is then actu- 
ally generated. In the 80C535, this sys- 
tem has been extended with a couple of 
interrupt sources. The extended archi- 
tecture is shown in Fig. 5. Special at- 
tention should be drawn to the new 
external interrupts IEX2 to IEX6, 
which correspond to port bits P1.0 to 
P1.4 (although differently numbered). 
As illustrated in Fig. 6, the interrupt 
event then sets the corresponding bit is 
the IRCON register at address OCOH. 
Bits IEX2 to IEX6 are automatically 
cleared when the interrupt routine is 
finished. Alternatively, they may be set 
and reset via software. To be able to 
enable these interrupts, the relevant 
bits in the IENO or ТЕМ! register (see 
Fig. 7) must be set. Remember, to be 
able to enable interrupts at all, the EAL 
bit (bit 7 in IENO) must be set. 
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INTERRUPTS 


Software by Dr. M. Ohsmann 


Some of you may already have no- 80C535. If one of these port lines is to 
ticed that the port bits of Port 1 have а be used as an input (which includes its 
number of additional functions in the use as an interrupt input), the output 
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Fig. 5. Schematic showing the interrupt sources which can be used with the 80C535. 





ЕД COMPUTERS AND MICROPROCESSORS 


Special Function Register IRCON (Address ОСОН) 


остн 0064. ос5н осан осзн осән  0CIH осон 
осон | EXF2 | TF2 [ехе | ፎ፳6 | 5:4 | 1Ex3 | ТЕХ? ec | сом 











Function 





A/D converter interrupt request flag. Set by hardware at the end 
of a conversion. Must be cleared by software. 





External interrupt 2 edge flag. Set by hardware when external 
interrupt edge was detected or when a compare event occurred at 
pin 1.4/INT2#/CC4. Cleared when interrupt processed. 





IEX3 External interrupt 3 edge flag. Set by hardware when external 
interrupt edge was detected or when a compare event occurred at 


pin 1.0/INT3#/CCO. Cleared when interrupt processed. 
1ЕХ4 External interrupt 4 edge flag. Set by hardware when external 


interrupt edge was detected or when a compare event occurred at 
pin 1.1/INT4/CC1. Cleared when interrupt processed. 





External interrupt 5 edge flag. Set by hardware when external 
interrupt edge was detected or when a compare event occurred at 
pin 1.2/INT5/CC2. Cleared when interrupt processed. 





External interrupt 6 edge flag. Set by hardware when external 
interrupt edge was detected or when a compare event occurred at 
pin 1.3/INT6/CC3. Cleared when interrupt processed. 





Timer 2 overflow flag. Set by a timer 2 overflow. Must be cleared 
by software. If the timer 2 interrupt is enabled, TF2 = 1 will cause 
an interrupt. 











Timer 2 external reload flag. Set when a reload is caused by a 
negative transition on pin T2EX while EXEN2 = 1. When the timer 2 
interrupt is enabled, EXF2 = 1 will cause the CPU to vector the 








timer 2 interrupt routine. Can be used as an additional external to make absolutely sure that they are 

interrupt when the reload function is not used. EXF2 must be inputs after a reset. That is also neces- 

cleared by software. sary if you want to use the alternative 

920152 - 15 output functions of these pins, for in- 

stance, if pulsewidth modulated sig- 

Fig. 6. Interrupts cause certain bits in the IRCON register to be set. nals are generated (see example 


program 535XMPO05.A51 on your disk). 

The address vectors for different 

state of the associated pin must be is required. However, if the port was types of interrupt routine are shown in 
programmed аз ‘1 (logic high). previously used as an output, itis rec- Fig. 8. As with the 80C32, we are faced 
Fortunately, that is the default state ommended to return the relevant pins with a problem: since the monitor 
after a reset, so no extra programming 10 ‘input’ (1) by explicit programming, EPROM will normally reside at the ad- 


Special Function Register IENO (Address ОАВН) Special Function Register IEN1 (Address ОВВН) 


ОАЕН — 0AEH ОАОН ОАСН  0ABH ОААН ASH ОАВН ОВЕН ОВЕН овон  OBCH оввн OBAH 0894. 0888 
YG T2 xi ЕТО | Exo ован EXEN? ЇЙ 1 
OABH EAL GEEZ ET2 680 | ET! | Е EX6 | ЕХ5 | ЕХ4 | EX3 EX? | ЕАОС | 


This bit is not used for interrupt control. This bit is not used for interrupt control. 






































Function Function 








Enables or disables external interrupt 0. Enables or disables the А.О converter interrupt 
If EXO = 0, external interrupt 0 is disabled. — — ዘ EADC = 0, the A/D converter interrupt is enabled. 








Enables or disables the timer 0 overflow interrupt. Enables or disables external interrupt 2/capture.compare 
It ETO =0. the timer 0 interrupt is disabled. interrupt 4. If EX2 = 0, external interrupt 2 is disabled. 








Enables or disables external interrupt 1. Enables or disables external interrupt 3/capture/compare 
ዘ EX1 ። 0, external interrupt 1 is disabled. წ 1 interrupt 0. If EX3 =0, external interrupt 3 is disabled. 


Enables or disables the timer 1 overflow interrupt. Enables or disables external interrupt 4/capture/compare 
If ET1 20, the timer 1 interrupt is disabled. interrupt 0. If EX4 =0, external interrupt 4 is disabled. 

















Enables ог disables the serial channel 0 interrupt. Enables or disables external interrupt 5/capture'compare 
If ESO = 0, the serial channel 0 interrupt is disabled. ШШ 0. НЕХ5 =0, external interrupt 5 is disabled 


Enables or disables the timer 2 overflow or external reload Enables or disables external interrupt 6/capture/compare 
| interrupt. II ET2 = 0, the timer 2 interrupt is disabled. interrupt 0. ዘ EX6 = 0, external interrupt 6 is disabled. 














Enables or disables all interrupts. If EAL = 0, no interrupt will be Exables or disables the timer 2 external reload interrupt. 
acknowledged. if EAL = t, each interrupt source is individually EXEN2 = 0 disables the timer 2 external reload interrupt. 
enabled or disabted by setting or clearing its enable bit. The external reload function is not affected by EXEN2. 
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Fig. 7. Registers IENO and IEN1 are used to enable interrupts. 
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Interrupt request flags 


Interrupt vector address 


Interrupt source 





ЈЕО 0003H 


External interrupt 0 





TFO 000BH 


Timer overflow 





IC1 00138 


External interrupt 1 





TF1 0018H 


Timer 1 overflow 
აა 
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Serial channel 0 





TF2/EXF2 002BH 


| Timer 2 overflow ext. reload 





ADC 
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EX3 


0043H 
004BH 
0053H 


A.D converter 








+ 
External interrupt 2 





External interrupt 3 


1- 





ЕХ4 005BH 


External interrupt 4 





EX5 0063H 


4 External interrupt 5 








EX6 006BH 


External interrupt 6 





RIT 0083H 


Serial channel 1 








CTF 009BH 





Compare timer overflow 
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Fig. 8. Overview of fixed interrupt vector addresses. 
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Fig. 9. Input circuit of counter/timer 2. 


dresses shown in Fig. 8, the interrupt 
routines seem out of your control. This 
problem is solved by the LINK mecha- 
nism provided by the ЕМОМ51 monitor 
EPROM, which allows the interrupt 
routines to be ‘chained’. 

ЕМОМ51 is capable of setting up 
links for 8031/8051 and 80C32 inter- 
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Interrupt 
Request 








rupts only. By contrast, the new moni- 
tor, EMONS2, handles all 80C535 in- 
terrupts also. Consequently, you must 
use ЕМОМ52 instead of EMONSI if you 
want to use the monitor to assist with 
programming interrupts which are 
specific to the 80C535. Since it was de- 
sired to enable readers in possession of 


the ‘old’ monitor EPROM to follow the 
present course without problems, 
there are no example programs on the 
course disk that make use of the ex- 
tended interrupts offered by the 
80C535. Nonetheless, some know-how 
on interrupts will be required to fully 
understand the operation of Timer 2 
(fortunately, a corresponding interrupt 
was already foreseen in the ‘old’ moni- 
tor, ЕМОМ51. 

Owing to lack of space, the interrupt 
priority assignment used in the 
80C535 is not discussed in this 
course. Details on this subject may be 
found in the Siemens/Intel datasheets. 


Timer 2: the CCU core 


Before we run into a lot of confusion, it 
should be made clear that the 8052 
and 8032 microcontrollers also sport a 
"Timer 2'. Timer 2 in the 80C535, how- 
ever, works in a totally different way, 
because it is controlled by other bits in 
other SFRs. The 80C535 is, therefore, 
not compatible with the 8052 in this 
respect. It is, however, compatible with 
the 8051, simply because the latter 
does not have a Timer 2. 

For now, let us concentrate on 
Timer 2 in the 80(:535. This is a 16-bit 
timer consisting of SFRs TL2 (address 
OCCH, LS counter byte) and TH2 (ad- 
dress OCDH, MS counter byte). The 
clock signal for Timer 2 can be derived 
from different signals. The input circuit 
is shown in Fig. 9. Figure 10 shows 
the configuration of the timer in 're- 
load' mode, while Fig. 11 lists the 
function of the bits in the T2CON spe- 
cial function register (at address 
OC8H), which serves to control 
Timer 2. As can be deduced from 
Fig. 9, the timer clock signal can be 
generated in four ways. The selection is 
made by programming bits 1 (Т211) 
and 0 (T21O) in register T2CON. 


1. If both bits are at 0, the counter 
(timer) stops, since it is no longer sup- 
plied with a clock signal. 

2 The bit combination :01' selects the 
so-called timer function, when the in- 
ternal clock is used to clock the 
counter. The internal clock is the 
quartz crystal frequency divided by 12. 
Since a 12-MHz quartz crystal is used, 
the internal clock is a 1-MHz signal, 
but only if the available divide-by-two 
prescaler is switched off (bit 7=T2PS=0 
in T2CON). If the prescaler is switched 
on (by setting the T2PS bit), the inter- 
nal clock frequency is lowered to 
500 kHz. 

3. If bits T211 and T210 are given the 
value ‘10’, the so-called counter func- 
tion is selected, when the signal ap- 
plied to the P1.7/T2 pin is used as a 
clock. That allows Timer 2 to be used 
to count external events. The counter 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


8051 
Programming? 


























If you've tried this, you'll know what 
it's like using 8051 assembler. 


Admittedly, given enough time and effort, 
even the impossible can be accomplished. 


But can your project afford to wait? 


Keil C51 is very simple to use and yet yields 
the fastest and smallest code of any 8051 C 
compiler. With direct access to the 8051 cpu 
at a bit/register level in C, assembler 
programmers feel instantly at home. 


C51 Professional Developer's Kit Comprises: 


* Full ANSI C implementation for the 8051 
family 

* Near-assembler code efficiency 

* Function-level optimisation 

* Extensions for 80C517/80C751 

ቹ Small/Compact/Large/Banked memory support 

ж DScope51* cpu simulator/debugger 

* A51 macro assembler 

* 8051 Real Time Executive 

* Support from official C51 User Group 

* Free 8051 C Programmer's Handbook 


To see how C51 takes the pain out of 8051 
programming, call now for our comprehensive 
information pack including demonstration 
versions of the compiler and debugger. 


Hitex (UK) Ltd. hitex mmm 


Warwick University 
Science Park У КЕ 
Coventry, CV4 7EZ ELEKTRONIK 


Œ 0203 692066, FAX 0203 692131 


Use your electronics know-how to 
create great sound! 


Speaker Builder, the world's only loudspeaker 
magazine in English, can show you how to achieve 
excellence in sound from your stereo system. 
Whether you're modifying and improving your 
present speakers or building a new design from 
scratch, Speaker Builder contains the latest in 
loudspeaker technology. Within its pages, leam 
about Thiele-Small design software, build an in- 
expensive measurement mike good enough for the 
professionals, or simply indulge in reading about 
the experiences of others using their technical 
skills to improve the sound around them. 


Since 1980, Speaker Builder has been exploring 

both the traditional and more unusual formats for loudspeakers. From pipes to 
corrugated boxes to transmission lines and electrostatics, every conceivable 
medium is discussed. Ап international forum for speaker enthusiasts the world 
over, sharing ideas and designs, Speaker Builder has made it possible for 
thousands to enjoy the highest quality sound without straining their budgets. 


The publishers of Speaker Builder invite you to use your electronics know-how to 
discover the world of better sound. To subscribe, simply return the form below with 
your payment or FAX your credit card order and receive 8 issues of Speaker Builder 
for a low introductory rate of $45 for a one- year subscription. That's a $5 savings 
off the regular overseas airmailed rate. Or you may subscribe for two years at $80 
($10 off). 
(3 One Year $45 Ш 2 Years $80 
Remittances in US funds drawn on a US bank only. 





MONISA NUMBER EXP. DATE 


NAME 





ADDRESS 


am ST ZP 


Speaker Builder 
ох 494, Peterborough, МН Я. 0494 USA 
(603) }924- 9464 ог FAX (603)924-9467 24 hours 


Sw Z^ADVERT IS IN 
PRINT, IS IT PROPER? 


Most advertisements are perfectly proper. 

A few are not. 

The Advertising Standards Authority not only 
monitors over 850 advertisements every month, it ensures 
compliance with the rules in the strict Code of Advertising 
Practice. 

80 when you question an advertiser, they have 10 
answer [0 us. 

To find out more about the role of the 
ASA, please write to the address below. 

Advertising Standards Authority, 

Department X, Brook House, Torrington 
Place, London МСТЕ 7HN. 


This space is donated in the interests of high standards in advertisements. 





ELEKTOR ELECTRONICS MAY 1994 


80(:535 HARDWARE/ASSEMBLER COURSE - 3 





























Титег 2 
Interrupt 
Request 








L 








Fig. 10. Timer 2 in reload mode. 


Special Function Register Т2СОМ 


OCFH OCEH ОСОН  0CCH 


освн 


OCAH  0C9H 0С8Н 





OC8H  T2PS ELIE 1281 | 1280 | 12CM | ፐ211 | T210 | T2CON 





СД These bits are not used in controlling the CCU. 


Timer 2 control register. Bit-addressable register which controls timer 2 function and 
compare mode of registers CRC, CC1 to CC3. 





Function 





Timer 2 input selection 
No input selected, timer 2 slots 
Timer function, input frequency 


= fosc 12 (T2PS =0) ог /ዕ8ር 24 (T2PS = 1) 
Counter function, external input signal at pin Т2/Р1.7 
Gated timer function, input controlled by pin T2/P1.7 





Timer 2 reload mode selection 

Reload disabled 

Mode 0: auto-reload upon timer 2 overflow (TF2) 
Mode 1: reload upon falling edge at pin T2EX/P1.5 





Compare mode bit for registers CRC, CC1 through CC3. When set, 
compare mode 1 is selected. T2CM = 0 selects compare mode 0. 





Prescaler select bit. When set, timer 2 is clocked in the "timer" or 





"gated timer" function with 1.24 of the oscillator frequency. 
T2PS = 0 gates /ዕ8ር፡ 12 to timer 2. T2PS must be 0 for the 
coünter operation of timer 2. 
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Fig. 11. The functions of Timer 2 are controlled via bits in the T2CON register. 


is clocked on the negative-going 
(falling) edge of the external signal. It 
should be noted, however, that the 
logic state of pin P1.7 is detected only 
once during every machine cycle. 
Consequently, the maximum count 
rate equals 500 kHz. Also, the ‘low’ and 
'high' times of the input signal must 
have a minimum length of one ma- 
chine cycle, to enable a signal edge to 
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be detected. Remember, a machine 
cycle equals 12 times the quartz cycle 
time, ће. one microsecond at the 
quartz frequency used on the 80C535 
SBC. 

4. If Т211 and ፐ210 are both at ‘1’, 
Timer 2 is programmed to function as a 
'gated timer'. In this mode, too, the in- 
ternal clock (with or without the T2PS 
prescaler) is used to clock the timer. 


However, the clock signal only reaches 
the counter if P1.7 is at “17. This mode 
may be used, for instance, to deter- 
mine the pulse/pause ratio of signals. 
That also concludes the discussion of 
the different types of signal that may 
be used to clock Timer 2. The T2CM bit 
(bit 2 in T2CON) is skipped for the mo- 
ment, and we turn our attention to 
bits 3 and 4 in T2CON. 


Timer 2 reload 

A number of programming options are 
available to determine the program 
flow when Timer 2 overflows at its 
maximum counter state, OFFFFH, or 
65535. In any case, this event causes 
the TF2 bit (bit 6 in the IRCON, see 
Fig. 6) to be set. What happens next is 
determined by the state of bit 4 (T2R1) 
and bit 3 (T2RO), which are both in the 
T2CON SFR. If T2R1 is at ‘0’, the so- 
called reload mode is disabled, and the 
counter simply starts at O again. if 
T2R1 is at '1', Timer 2 is operated in re- 
load mode, in which bit T2RO deter- 
mines when the counter is reloaded 
with the value contained in the reload 
register pair CRCL-CRCH (compare 
Fig. 10). In mode 0 (T2RO = 0), the 
counter is loaded after the overflow. 
The reload value is then contained in 
the CRCL (LS byte; OCAH) and CRCH 
(MS byte; OCBH) register pair. If the 
pair contains, for example, the value 
OFFFCH (-4), the counter counts 
OFFFFH, OFFFCH, OFFFDH, OFFFEH, 
OFFFFH, OFFFCH, and so on. If the 
T2R1 bit is at ‘Г, the counter is re- 
loaded any time a negative pulse edge 
is detected at pin P1.5. This option is 
particularly useful if you want to syn- 
chronize the counter with an external 
signal. For instance, a phase control 
circuit may be realized by driving 
pin P1.5 with a 50-Hz signal derived 
from the mains. This effectively syn- 
chronizes Timer 2 with the mains fre- 
quency. At a count rate of 1 MHz 
(internal clock used without the 
prescaler), that enables a phase con- 
trol circuit with a resolution of one mi- 
crosecond to be realized. 

If bit EXEN2 (bit 7 in the IENI regis- 
ter, see Fig. 7) is set, each reload sig- 
nal edge at P1.5 also causes bit EXF2 
(bit 7 in IRCON, see Fig. 6) to be set. 
This can be interrogated by software, 
while an interrupt may also be gener- 
ated by enabling the relevant interrupt. 


Next time: in next month's final in- 
stalment of the course we will conclude 
the discussion of the CCU and the 
Timer 2 operation using a couple of 
programming examples. 


It’s small, easy to program, flown т from the States, 
affordable, based on a RISC processor, and a real block buster 
when it comes to developing turnkey software in less time than 
you ever dreamed possible. It’s the wonderful stamp-sized 


‘STAMP’ BASIC COMPUTER 


computer that runs BASIC. Real cute! 


T first glance, the Stamp may seem 

airly minimal — and in fact, it is, 
hence its name. But, with software 
that fully utilizes all available hard- 
ware, the Stamp gives you useful and 
powerful features — without the cost of 
hardware. 

The Stamp has a size of about 
5x2.5 cm (2x1 in.), and consists of two 
main components. The brain of the 
Stamp is a PIC16C56 microcontroller! 
running the PBASIC interpreter devel- 
oped by Parallax Inc. A 256-byte EEP- 
ROM holds a tokenized version of your 
BASIC program, which is read and exe- 
cuted by the interpreter contained in 
the PIC. The remainder of the Stamp is 
taken up by a 4-MHz resonator, a 5-V 
regulator, and a 9-V PP3 battery clip. 
Also included is а small prototyping 
area, which provides connection points 


Sources: Parallax Inc. and K.H. Eichler (Wilke Technology). 
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Fig. 1. Schematic of the Stamp single-board BASIC computer. 
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for the Stamp’s eight I/O lines, 5-У 
supply, unregulated supply, and 
ground. 

The BASIC Stamp is programmed in 
the simple BASIC language. The lan- 
guage includes familiar instructions 
such as FOR...NEXT, IF...THEN, and 
GOTO, as well as SBC-specific instruc- 
tions such as SERIN (serial input) and 
BUTTON (button input). Each instruc- 
tion takes two or three bytes of EEP- 
ROM space, resulting in a maximum 
program size of 80 to 100 instructions. 
As for execution speed, programs run 
at the rate of about 2,000 instructions 
per second. 

To write programs for the Stamp, you 
will need a Development Kit. The kit in- 
cludes editor software for a PC, a cable 
to connect the Stamp to the PC, one 
BASIC Stamp, and a manual. By con- 
necting the Stamp to your PC’s parallel 
port and then running the editor, you 
can write BASIC programs and then 
download them to the Stamp. If you are 
familiar with the BASIC language, itis а 
matter of minutes before you have your 
first program running. Furthermore, a 
number of application notes are avail- 
able free of charge from Parallax Inc. to 
help you become acquainted with pro- 
gramming the computer. 

It is possible to use the BASIC inter- 
preter developed by Parallax Inc. in 
your own designs. This can be achieved 
by purchasing ‘bare’ interpreter chips 
from Parallax Inc. at prices ranging 
from $5 (1,000 off) to $18 (one off). Add 
to that a 256-EEPROM, a 4-MHz res- 
onator and a power supply, and you 
can start using your own miniature 
BASIC computer. Applications? What 
about an LCD user-interface terminal, 
interfacing an A-D converter, a matrix 
keypad in/LCD screen out circuit, a 
servo motor driver, a pulse meter, a 
morse code generator, an intelligent 
battery charger, or a serial stepper 
motor controller? The list can be ex- 
tended to any length, depending only 
on your creativity. 


Circuit description 


Figure 1 shows the circuit diagram of 
the Stamp board supplied by Parallax 
Inc. as part of their Development Kit. 
The component count is, well, low! The 
component locations on the board are 
shown in Fig. 2. 

The microcontroller used is a 
PIC16C56XT preloaded with Parallax's 
PBASIC interpreter. The PIC device 
also contains an I/O port, a serial in- 
terface and a clock oscillator. The pro- 
gram memory is formed by a 93LC56 
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Fig. 2. Locations of the main components on the BASIC Stamp. 


EEPROM which retains the BASIC pro- 
gram even in the absence of the supply 
voltage. The EEPROM has a storage ca- 
pacity of 256 bytes, allowing a program 
of between 80 and 100 lines of BASIC 
to be stored. 

An on-board low-drop 5-V voltage 
regulator allows the Stamp to be pow- 
ered from any d.c source with an out- 
put voltage between 6 V and about 
15 V. In most cases, a 9-V PP3 size bat- 
tery will be used to power the Stamp. 

The schematic shows a power-down 
circuit based on one transistor and 
three resistors. Apart from ensuring a 
good reset no matter how long the 
Stamp has been off, the reset circuit 
also clears the PIC microcontroller 
after a ‘brown-out’. A brown-out occurs 
when the supply voltage drops below 
5 V, but not low enough to allow the 
chip’s reset function to operate. 

The Stamp offers a clever energy- 
saving power-down scheme which is 
controlled by three BASIC instructions: 
NAP, SLEEP and END. These allow the 
Stamp to ‘sleep’ at a current consump- 
tion of about 20 uA, while all outputs 
retain their logic level. 

The eight I/O lines may be used for 
many purposes, even for resistance 
measurement using the BASIC ‘pot’ 
command. Each I/O line is capable of 
supplying up to about 20 mA. How- 
ever, the total load on all lines may not 
exceed 40 mA. 


Using the Stamp editor 


The diskette in the Stamp Development 
Kit contains a simple editor which runs 
on a DOS PC. The editor offers the fol- 
lowing functions: Run, Load, Save and 
Quit. Once you have the editor run- 
ning, the screen is available to write 
your BASIC program. If you are ready 
to test it, download the program to the 
Stamp using the ALT-R (Run) com- 


mand. The BASIC program is compiled 
by the PC, and copied to the Stamp in 
tokenized form via the PC’s parallel 
printer (Centronics) port. The progress 
of the download operation can be 
viewed as a horizontal bar, which also 
indicates the amount of EEPROM 
memory space left in the Stamp. 

If the program does not function as 
expected, return to the editor, and 
change the BASIC commands as re- 
quired. Simple word processing com- 
mands like cursor movement, copy, 
cut, paste and search/replace are 
available for that purpose. The syntax 
and program formatting rules are ex- 
plained in detail in the manual that 
comes with the Stamp Development 
Kit. To save you a lot of typing, the pro- 
gram disk in the kit also contains 
14 programs which belong with appli- 
cation notes published for the Stamp. 


PBASIC command set 


The PBASIC command set can be sub- 
divided into eleven groups: 


1. Branching 

2. Looping 

3. Numerics 

4. Digital in/out 
5. Serial in/out 

6. Analogue in/out 
7. Sound 

8. EEPROM access 
9. Time 

10. Power control 
11. Program debugging 


In addition to the commands available 
most BASIC dialects, there are a num- 
ber of Stamp-specific commands which 
allow, for instance, an external circuit 
to generate analogue voltages, or mea- 
sure resistance values. Additionally, 
there are commands to generate tones, 
and to set up serial communication be- 


tween a chain of Stamps or other ancil- 

lary circuits, in other words, a kind of 

network ‘on a shoestring’. 

As regards variables used in the 
BASIC programs, the following should 
be observed: 

» the variables area 
16 bytes; 

» of these, two bytes are required for 
the I/O lines; 

» the remaining 14 bytes may be used as 
word variables (WO-W6) and byte vari- 
ables (BO-B13). Of these, BO and Bl 
(WO) may be used as bit variables 0-15. 

Of the two bytes used for the I/O lines, 

the first indicates the state of the rele- 

vant line (high or low), and the second, 
the direction (input or output). There 
are several ways of addressing individ- 
ual lines, for instance, by programming 

Port.O, Pins.O ог Рио, Port.8, Dirs.O or 

DirO. With the rest of the variables, it 

should be noted that W6 is used as a 

software stack whenever GOSUB com- 

mands are executed. 

The SYMBOL command enables you 
to assign names different from BO-B13 
and WO-W6 to the variables. For in- 
stance: 


is limited to 


symbol switch - pinO 


Comments can be added to make the 
program more readable. They begin 
with an apostrophe (‘) and continue to 
the end of the line. The well-known 
REM command may be used as an al- 
ternative. 

Very conveniently, labels may be 
used instead of line numbers to branch 
within the program. For instance: 


loop: toggle pinO 
goto loop 


Finally, as regards general formats, the 
editor is case sensitive, except when 
processing strings (such as "stamp"). 
Multiple instructions and labels can be 
combined on the same line by separat- 
ing them with colons (:). For instance, 


dirs = 255 : for ከ2 = 0 10 100 : pins = 
b2 : next 


An example application 


The following application note, origi- 
nally published by Parallax, Inc. as no. 
2, presents the hardware and software 
required to interface an 8-bit serial 
analogue-to-digital converter to the 
Parallax BASIC Stamp. The application 
schematic is shown in Fig. 3. 

The BASIC Stamp's instruction 'pot' 
performs a limited sort of analogue-to- 
digital conversion. It lets you interface 
nearly any kind of resistive sensor to 
the Stamp with a minimum of diffi- 
culty. However, many applications call 
for a true voltage-mode analogue-to- 
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Fig. 3. Circuit to accompany AD_CONV.BAS. 


' PROGRAM: ad conv.bas 


' BASIC Stamp program that uses the National ADC0831 to acquire analog data and output 


' it via RS-232. 


Symbol cs 
Symbol AD 
Symbol CLK 
Symbol S out 
Symbol data 
Symbol i 


ዘ ዘ ዘ ዘ ዘ ዘ 


255 
$11111101 


setup: let pins 
let dirs 


loop: gosub conv 
serout S out,N2400, (#b0,13,10) 
pause 2000 


goto loop 


low CLK 

low CS 

pulsout CLK, 1 

let data = 0 

1 ከዕ 8 

let data = data * 2 
pulsout CLK, 1 

let data = data + AD 
next 

high cs 

return 


for i = 


Fig. 4. Listing of AD_CONV.BAS. 


digital converter (ADC). One that is 
particularly suited to interfacing with 
the Stamp is National Semiconductor's 
ADC0831. 

Interfacing the ADCO831 requires 
only three input/output lines, and of 
these, two can be multiplexed with 
other functions (or additional 
ADCOS831s). Only the chip-select (CS) 
pin requires a dedicated line. The 
ADC's range of input voltages is con- 
trolled by the Увкк and Vin) pins. Увек 
sets the voltage at which the ADC will 
return a full-scale output of 255, while 
Ving sets the voltage that will return 0. 

In the example application, Ving is 
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' Pins high (deselect ALC). 
' S_out, CLK, CS outputs; 


AD input. 


' Get the data. 

' Send data followed by a return and linefeed. 
' Wait 2 seconds 

‘ Do it forever. 


' Put clock line in starting state. 
‘ Select ADC. 

' 10 us clock pulse. 

' Clear data. 

' Bight data bits. 

' Perform shift left. 

' 10 us clock pulse. 

' Put bit in LSB of data. 

’ Do it again. 

' Deselect ADC when done. 
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at ground, and Увкк is at +5 V; how- 
ever, these values can be as close to- 
gether as 1 V without harming the 
device's accuracy or linearity. You may 
use diode voltage references or trim 
pots to set these values. 

The sample program is listed in 
Fig. 4. It reads the voltage at the ADC's 
input pin every two seconds, and re- 
ports it to the PC via a 2400-baud ser- 
ial connection. The subroutine ‘сопу’ 
handles the details of getting data out 
of the ADC. It enables the ADC by 
pulling the CS line low, then pulses the 
clock (CLK) line to signal the beginning 
of a conversion. The program then en- 


ters a loop in which it pulses CLK, gets 
the bit on pin AD, adds it to the re- 
ceived byte, and shifts the bits of the 
received byte to the left. Since BASIC 
traditionally does not include bit shift 
operations, the program multiplies the 
byte by two to perform the shift. 

When all bits have been shifted into 
the byte, the program turns off the 
ADC by returning CS high. The sub- 
routine returns with the conversion re- 
sult in the variable 'data'. The whole 
process takes about 20 milliseconds. 

You can add more ADCO831s to the 
circuit as follows: connect each addi- 
tional ADC to the same clock and data 
lines, but assign it a separate CS pin. 
Modify the 'conv' subroutine to take 
the appropriate CS pin low when it 
needs to acquire data from a particular 
ADC. That's it! 

The program may be downloaded 
from the Parallax Bulletin Board sys- 
tem in the USA under the file name 
AD CONV.BAS. You can reach the BBS 
at (+1) 916 624-7101. 


‘STAMP’ BASIC COMPUTER 


Who, what, where? 


In addition to the BASIC Stamp 
Development Kit sold by Parallax Inc., 
Wilke Technology of Germany supply a 
range of products, including a com- 
piler, an extensive hardware develop- 
ment system, and different types of 
Stamp SBC. It should be noted that 
these products are aimed mainly at ad- 
vanced users, which is reflected by the 
cost. The hardware development sys- 
tem marketed by Wilke Technology is 
much more elaborate than the 
Development Kit supplied by Parallax. 
To request information, prices, or 
order Stamp-related products, contact 


Parallax Inc., 3805 Atherton Road, 
#102, Rocklin, CA 95765, U.S.A. Tel. 
(+1) 916 624-8333. Fax: (41) 624- 
8003. BBS: (+1) 916 624-7107 (300- 
14,400 bps; no parity; 8 data bits; 1 
stop bit). 


Wilke Technology products are avail- 
able from 

Wilke Technology, Postfach 1727, 
Krefelder Str. 147, D-5100 Aachen, 
Germany. Tel. (+49) 241 154071. 
Fax: (+49) 241 158475. 


In Hungary, contact 
Humansoft, Ltd., Н-1149 Budapest, 
Angol u. 24/b, Hungary. Tel. (+36) 
1163 2879, fax: (+36) 1251 3673. 


Further distributor information may be 
obtained from Parallax Inc. 


Note: 

1. See also 'PIC programmer' in the 
March 1994. issue of  Elektor 
Electronics. 


FIGURING IT OUT 


PART 16 - MORE ABOUT FOURIER 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


ast month we described how 
the Fourier series is used to 
represent any periodic waveform. 
To recapitulate, the series con- 
sists of: 
constant (d.c.) term 
+ 
cosine terms 
+ 
sine terms. 
The constant term and the coef- 
ficients of the cosine and sine 
terms are found by integration: 


1 Ta E 
A == | і 123 
0 27. l^ [ а ] 
2л 
መ M cos nt dt 
[Eq. 124] 
2л | 
== M sin nt dt 
[Eq.125] 


The constant term, which equals 
the average value of the variable 
(for example, voltage) during 
one cycle, can sometimes be found 
by geometrical means. We are 
often able to simplify the inte- 
grations by using the standard 
integrals given т Вох 2 of Part 15. 
A frequent result of simplifica- 
tion is that the series for a given 
waveform has no cosine terms 
or по sine terms. Now we will look 
at some further ways of simpli- 
fying the calculations. 


Even functions 


An even function is one which 
is symmetrical about the y-axis. 
It is as if the y-axis acts as a 
mirror, reflecting the curve of the 
waveform for positive values of 
x оп to the negative side of the 
axis. Figure 131 shows some 
examples of even functions. 


Mathematically, we can express 
this by: 


f (x) = Р(х). 


If a waveform is an even func- 
tion, we can say, without any 
need for integrations, that: 

* itmay or may not have a con- 


stant term; 

* it has cosine terms; 
* it has no sine terms. 

An obvious example of an even 
function is the cosine waveform 
of Fig. 131a, which has a cosine 
term and nosine terms. Whether 
or not it has a constant term de- 
pends on whether it is superim- 












Yzsint 
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Fig. 132 


posed on a constant d.c. level 
(as, for example, is the wave- 
form of Fig. 181b). Ifyou find that 
a waveform is symmetrical about 
the y-axis, you need not waste 
time by trying to evaluate the in- 
tegral of Eq. 125. 


Odd functions 


These are symmetrical about 
the origin. If we imagine the 
curve spun round through 180° 
around a centre located at the 
origin, it comes to lie on itself. 
Figure 132 shows some odd func- 
tions. The characteristic features 
of an odd function are: 

* it has no constant term; 

* it has no cosine terms; 

• it has sine terms. 

In short, an odd function has 
only sine terms. Since it is sym- 
metrical about the origin, it can 
never have a constant term. 
Between them, even and odd 
functions cover most ofthe wave- 
forms we are likely to meet in 
electronics, but there are a few 
other recognizable types of wave- 
form that yield series with dis- 
tinctive features. The next two 
headings deal with these. 


Half-wave inversion 


In Fig. 133, the waveform be- 
tween t = 0 and Ё = n is repeated, 
but inverted, between ¢ = л and 
t = 2n. This is known as half- 
wave inversion. The Fourier 
series for such a waveform has 
* noconstant term; 

• no even cosine terms; 

* noeven sine terms. 

The effects of half-wave in- 
version and the kinds of sym- 
metry are cumulative. The wave- 
form of Fig. 133a has odd sym- 
metry and half-wave inversion. 
Because it has odd symmetry 
(and also because it has half- 
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wave inversion), it has по con- 
stant term. Because it has odd 
symmetry, it has no cosine terms. 
Because it has half-wave sym- 
metry, it has no even sine terms. 
We are left with a series that 
has only odd sine terms. By con- 
trast, the waveform of Fig. 133b 
has even symmetry and half- 
wave inversion. It therefore has 
no constant term and no sine 
terms. It has only odd cosine 
terms. 


Half-wave repetition 


The waveform of Fig. 134 is re- 
peated in the second half of the 
cycle. For such a waveform, the 
series has: 

* possibly a constant term; 

* noodd consine terms; 

* no odd sine terms. 

The example here has a con- 
stant term. Removing the con- 
stant term of this example would 
shift the curve down, giving it 
odd symmetry. It therefore has 
only even sine terms. This rule 
does not necessarily eliminate 
the need to calculate all three 
of Ag, a4, and b,, but does at least 
provide a check that your calcu- 
lations are correct. 


Square waves 


The waveforms we have analysed 
so far have all been continuous 
within the period 0 to 25. Now 
we will tackle a waveform that 
has an abrupt change of level dur- 
ing the cycle. Figure 135 is a 
square wave with a mark:space 
ratio of 1. We have arbitrarily 
taken the ‘high’ level to be 3. 
This is a piecewise function and, 
to find the series, we have to 
deal with each part of the func- 
tion separately. First of all, the 
constant term is the sum of two 
integrals: 


1 24 1 E 
=— | 3dt+— | dt 
Ag al 2z Jn 


In this example, the second in- 
tegral has zero value: 


Ao = ЗА +0 
2л 


3 
=— (л–0]=1.5 
2n” ] 


This result could have more read- 
ily been obtained by inspecting 
the graph and noting that the av- 
erage value of y is 1.5. 

For the value of a, we again 
integrate for both parts of the 
waveform: 
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Fig. 136 
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л 
an -1 f3 cosntdt+0 
m Jo 


Su 
=—T[sin ntlj 
пл 


= [sinnr]=0.9549 ርር. 
nu n 


But sin nz = 0 if n is an integer, 
makinga; = 0. This result means 
that there are no cosine terms. 
We could have told this at the 
start because this is essentially 
an odd function, raised on a d.c. 
levelof1.5 (compare with Fig. 134). 
The constant term 1.5 simply 
raises it above the x-axis. If the 
constant term is ignored, so that, 
in effect, it is lowered until it 
passes through the origin, it be- 
comes an odd function and has 
only sine terms. 
Finally, we calculate 5,: 


1 c 
b, == [3sin nt dt+0 
л ЈО 
— S сов пі] 
пл 
-3 
-— [cos nz —cos 0] 
пл 
8 ва nz -1] 
пл 


There are two possibilities to be 

considered: 

• when п is even, cos пл = 1, 
which makes b, = 0; 

* when п is odd, cos пл = --1, 
in which event 5, = 6/nz 
=1.9099/n. 

The series has only odd cosine 
terms. This, too, might have been 
foreseen: when the waveform is 
shifted down to be symmetrical 
about the x-axis, it has half-wave 
inversion, resulting in it having 
no even terms. Writing out the 
series: 


sin 3t 





y=1.5+1.9099(sin t+ 


sin 5t 8ዉ:በ віп 9/ 
5 7 9 





+...) 


Figure 136 shows the graph of 
the series when taken to the 10th 
harmonic (n = 9). 


Frequency spectrum 


Another way of looking at a se- 
ries is to plot its frequency spec- 
trum. This has a vertical line 
for each frequency, the height 
of the line being proportional to 
the amplitude of the frequency. 
In the series we have just cal- 
culated, the amplitude of the 
fundamental is 1.9099. The am- 
plitude of the 1st harmonic is 
1.9099/3 = 0.6366. Figure 137 
shows the plot of the fundamental 


m GENERAL INTEREST 


and first 10 harmonics. Theeven 
ones are missing and the am- 
plitude of the odd ones falls away 
fairly rapidly. Last month we 
analysed a sawtooth wave before 
and after passing it through a 
high-pass filter. Figure 138 shows 
the frequency spectra of these 
waveforms; the effect of filter- 
ing is obvious. 


Pulse waveforms 


In Fig. 139 we have a pulse wave- 
form, which is another example 
of a piecewise function. This is 
analysed in a similar way to the 
1:1 square wave above. If we 
shift it 7/10 to the left, the pulse 
begins at—x/ 10 and ends at x/ 10. 
It is now an even function, so 
its Fourier series has no sine 
terms. By inspection, we can tell 
that Ag = 0.3. 
For the cosine terms: 


፳/10 
а, =— |3cosnt dt 
Л J-n/10 


18. V/10 
= ფი лї] о 


. -ПЛ 
sin 


З. пл 
== [sin 
10 


пл 10 
6 пл 


=—— sin — 
пл 10 


=1.9099 sin 





(пл/10) 


п. 


Ifn = 1, then 810(7)5/10)= 0.3090; 
for n = 2 to 9, we obtain 0.5878, 
08090, and so on to 0.3090. When 
n = 10, ѕіп(пл/10) = 0, so there 
is no9th harmonic. The sequence 
of values is repeated for n = 11 
to 20, except that they are neg- 
ative. From n = 21 onwards the 
whole sequence repeats, but we 
are not concerned with harmon- 
ics of such a high order. 

Written out as far as the 2nd 
harmonic, the series looks like 
this: 


y=0.3+ 1.9099 (0.3090 sin t 


40.5878 A 


40.8090 855... 
Simplifying the coefficients, 
by dividing by п (1, 2, 3, ...): 

y=0.3+ 1.9099 (0.3090 sin £ 
+0.2939 sin 2¢ 

+0.2700 sin 3¢+...) 


The values of sin(n1/10) increase 
for the first few terms, so this 
partly offsets the effect of divid- 
ing them successively by 1, 2, 
3, .... In consequence, the first 
few harmonics are almost as strong 


as the fundamental as shown in 
Fig. 140. This is plotted as far 
asthe 10th harmonic (there is no 
9th). Compared with the square 
wave of Fig. 135, as shown in 
Fig. 137, there is much less fall- 
off in the lower harmonics of 





this pulse wave. This property 
of pulse waveforms is made use 
ofin synthesizer circuits. A pulse 
waveform is a strong source of 
harmonics which can be filtered 
(formant filtering) to adjust their 
proportions until the resultant 
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sound has the timbre of a given 
musical instrument. Although 
the amplitude of the higher har- 
monics falls off more significantly, 
the limits of audibility are reached 
around the 5th harmonic. However, 
there is an increase of ampli- 
tude from the 10th to the 14th, 
which has an amplitude almost 
equal to that of the 7th harmonic. 
This illustrates the fact that un- 
expectedly strong harmonics may 
be present in pulse signals. 


Other periods 


The formulae described above all 
refer to a waveform in which 
one cycle takes 2ሼ seconds. In 
other words, the angular veloc- 
ity is unity. This corresponds to 
a frequency of 0.159 Hz. This is 
rather lower than many of the 
frequencies we meet in electronic 
circuits and, even though the 
analysis of different waveforms 
is independent of the frequency 
of the fundamental, there are 
many instances when we want 
to know the Fourier coefficients 
fora frequency that isnot 0.159 Hz. 
Adapting the formulae to an- 
other frequency is just a matter 
of altering the time-scale. 

The equations relating an- 
gular velocity, œ, frequency, f, and 
period (length of cycle), T, are: 


w= Т 
or 
T = 2wo. 


The phase angle at any given 
time # is wt. The Fourier series 
in these conditions is the same 
as before, except that we replace 
t in the cosine and sine terms 
by ох. Conversely, making ወ= 1 
restores the terms to their orig- 
inal form. 

The formulae for the constant 
term is: 


1 [ра 
=> | ера 
A7, [Fo 


The formulae for the coefficients 
are: 


T 
ጨ - [Fo cos nat dt 
0 


2 д 
b, => [FO sin nox dt 
T Jo 


These show the limits of inte- 
gration running from 0 to T, but 
they can also run from –7/2 07/2 
ifthis makes the integration any 
easier. 

We will derive the Fourier 
series for the square wave of 
Fig. 135, but with a period of 
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0.01 s., corresponding to a fre- 
quency of 100 Hz. At 100 Hz, 
T = 0.001 and о = 2л/0.001 
= 628.3 rad. 

The average value of y is not 
affected by the frequency, so 
Ag = 1.5 as before. Also, as be- 
fore, we recognize this to be an 
odd function, so that a, = 0 and 
there are no cosine terms. For 
the sine terms: 


9 [0.005 
b mi 3sin пах dt 
0.01Jo 


-9 
0.005no 








(cos nz — 1) 


If n is even, cos nx = 1, and 
b, = 0. There are no even terms. 
If n is odd, cos пл = -1 and 
bn = 6/0.005ወ = 1.9099/n. 

The series is exactly the same 
as that for the square wave of 
Fig. 135, except that, instead 
of sin £, sin 3t, ..., we now have 
sin 0%, sin 34%, ... The graph of 
the series has the same shape, 
except that the scale on the 
x-axis runs from 0 to 0.001 s. 
Thus, all that we have said about 
waveforms with a period of 2ሼ 
applies with little modification 
to periods of other lengths. 

By contrast with the slow 
fall-off of harmonics in pulse 
waveforms, there are other wave- 
forms in which the rate of fall- 
offis rapid. An exampleis shown 
in Fig. 141. Thisis the waveform 
of a half-wave rectified alter- 
nating voltage. The coefficients 
for the cosine terms are given by 
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E > 


the equation 
бу ® > 
m1-n*) 
The denominator contains n? 
and successive coefficients (there 


are even terms only) are: 2/37, 
2/15n, 2/35n, 2/63n, ... The se- 


1 


C S 


Telephone: 081 452 0161 





ries has only a single sine term, 
so this has no effect on the rapid 
fall-off of the harmonics. 

At this point we leave the 
discussion ofthe Fourier Series, 
having shown how to analyse 
many of the most commonly oc- 
curring waveforms. Often the in- 
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tegrations are long, and prone 
to error, especially with the fre- 
quent changes in sign that re- 
sult from integrating functions 
containing sines and cosines. The: 
rules we have discussed will 
help by eliminating the need 
for some of the integrations. When 
you have arrived at the equation 
for a series, plotting it with a 
graphic calculator is arapid means 
of checking that it is essentially 
correct. 


Test yourself 


1. To what categories do the wave- 
forms of Fig. 142 each be- 
long. In each case state what 
elements you would expect to 
find in their Fourier series. 


2. A sawtooth waveform with 
period 27 is defined by these 


equations: 
У = Зі О<і<л 
y = 8ራ-9ሼ p«t«2n 


Derive its Fourier series. 


Answers to 


Test yourself (Part 15) 
ag = 21; a, = 0; b, = -A/n. 
Series is: у = 2ሼ-481ከፉ--281በ2/ 
—1.333sin3t-sin4t... 
Filtered signal is 
Uout = —3.988sin(t-0.0808) 
—1.975sin(2t—0.1608) 
—1.297sin(3t—0.2358) 
—0.9525sin(4t-0.3098) ... 


t 
LOW-VOLTAGE MONITOR “2, 


tential divider Rjg-R, (1:6). The (scaled 

down) input voltage is applied to the non- 

А Е inverting (+) input of IC), and to the in- 
Design by J. Ruiters verting C) input of IC),. When the poten- 
tial at one terminal of the comparators 
ა | А А becomes larger or smaller than that at 
During experimental work, the power supply is often variable in. other input, the relevant comparator 


or derived from a mains adaptor. In such cases, it is important changes state. At that instant, the volt- 


to eliminate the risk of damaging ICs through overvoltage. ao at ር а ለ= ои እ es 
А ። А А : Г ፡ А reference voltage арр ied to the other ter- 

The unit described in this article is intended for monitoring inital ol the tossing comparator by Sr 
the supply voltage when the standard multimeter is already To give a range over which the input 
in use for other purposes. voltage may be considered safe, the com- 


Ithough electronic circuits on test 
hould preferably be powered by a 
supply whose output voltage can be set 
accurately and is provided with a current 
limiting facility, in practice this is not al- 
ways available. If a quickly put together 
supply is used on the test bench or with 
experimental work, ideally, two multi- 
meters should be to hand: one for moni- 
toring the supply voltage and the other 
for carrying out measurements on the cir- 
cuit. If only one is available, the present 
monitor may prove useful. 

The monitor is suitable for use with 
voltages in the ranges 2.0-6.0 V, 4.5-5.5 V, 
3.0-15.0 V and one set by the user be- 
tween 0 У and 14 V. 

Apart from monitoring direct voltages, 
the unit may be used to react to sudden 
changes in voltages. This is, for instance, 
convenient for checking equipment that 
has a difficult-to-find, randomly occur- 
ring fault. Such equipment may be left 
operating on the test bench with the moni- 
tor attached. If a sudden change in volt- 
age occurs in it, the monitor may indi- 
cate this by emitting a squeak from an 
optional buzzer. 


POOR ARAH KUM 


sva 





The circuit 


The circuit—see Fig. 1—is based on two 
comparators: IC), and ІС. These mea- 
sure the input voltage on terminals A and 
B against accurately known potentials. 
These reference voltages are provided by 
variable zener diode D; and potential di- 
viders Вз-Ро, Rg-P3 and Во-Ву. The zener 
voltage can be set accurately to exactly 
2.5 V with P4. Resistor Еј is the standard 
series resistor that prevents the zener 
drawing too large a current. 

Divider chain Rg-R7 provides a num- 
ber of fixed reference voltages, which are 
selected by $1. 

Dividers Rg-P and Rg-P3 provide the 
(variable) reference voltage that is deter- 
mined by the user. 

Ifthe voltage on terminals A and B rises 
above, or falls below, set values, D» (red) 
or Ds (green) lights respectively. If the 1C1 = LM393 
input voltage lies between two set values, 
the two diodes light simultaneously. It is B LM336-2.5 
also possible to use buzzers as indica- 
tors, which eliminates the need to keep Fig. 1. Circuit diagram of the low-voltage monitor. 
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TEST and MEASURE 
with your 
COMPUTER. 
Oscilloscopes Spectrum 





PRINTER PORT DUAL CHANNEL 

BUS SLOT BI-POLAR 

MULTI INSTRUMENTS ACCURACY 0.25% 

COLOUR SOFTWARE 400V peak-peak 
Multimeter Transient 


Digital Voltnet 0.00nvolt 31.0 sec sarole: 560/7 210 
igita neter ; 7 : " . ERA Е 





CHANNEL 1 input range; BERIB | CHANNEL 2 input range: gna | 





MEASURING : TRUE RMS (0) MEASURING : TRUE RMS (U) 
DISPLAY ፥ CHI DISPLAY : CH2 








For more information on the HANDYSCOPE and other data acquisition 
instruments please contact... 


INSTRUTEK (UK) 


TEL: (0480) 460028 FAX: (0480) 460340. 
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LOW-VOLTAGE MONITOR 





Fig. 2. Printed-circuit board for the 
low-voltage monitor 


Fig. 3. Photograph of the prototype 
low-voltage monitor. 


parator stages are designed in a manner 
which prevents their toggling at the same 
input level. This range with $1 in position 
1 is 2.0-6.0 V (HC/HCU ICs); in position 
2, 4.5-5.5 V (HCT/TTL ICs); in position 
3, 3.0-15.0 V (4xxx ICs); and in position 
4 as required by the user between ОУ and 
14 V. Note that section Sjy provides the 
upper reference voltages, and 5),, the 
lower ones. 

Since the input voltage is applied to 
different terminals of the comparators, 
these stages behave in opposite ways. For 
instance, with high input voltages, the 
output of IC), is high and that of IC}, is 
low, whereas with low input voltages, the 
output of IC), is low and that of IC}p is 
high. 

The divergent behaviour of the com- 
parators affects the operation of indicator 
networks ፲]-133 and То-Оз. When one of 
the comparator outputs is high, the as- 
sociated transistor conducts, whereupon 
the allied LED lights. This means that if 
the input voltage is higher than the upper 
reference voltage D» lights and when it is 
below the lower reference voltage, 133 lights. 
When the level of the input voltage lies 
between the two reference potentials, both 
LEDs light. 

If it is desired to have an audible indi- 
cation of voltage changes, a 0.1-1 pF ca- 
pacitor (not electrolytic) must be con- 
nected in series with terminal A. The input 
is then taken from the equipment on test 
as stated earlier. The buzzer should be 
connected to the monitor circuit as shown 
in Fig. 4. 
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Fig. 4. Various ways of connecting an op- 
tional buzzer (or buzzers) to the monitor. 


Construction 

The monitor is best built on the printed- 
circuit board shown in Fig. 2 (not avail- 
able ready made). The completed proto- 
type is shown in Fig. 3. 

The monitor may be constructed as a 
stand-alone unit or be built into an ex- 
isting equipment. In the former case, the 
enclosure may be given a front panel as 
shown in Fig. 5 (not available ready made, 
but the picture may be photocopied and 
glued behind a transparent panel). 

If a buzzer is used and itis desired that 
this squeaks when the input voltage is 
too high, connect its +ve terminal to ‘x’ in 
Fig. 4, and its -ve terminal to ground. А 
second buzzer may be connected to indi- 
cate too low input voltages: this should 
be connected between 'y' and ground. The 
zener diode in series with the buzzer pre- 
vents its squeaking faintly when the rel- 
evant transistor conducts. 

Itis also possible to use only one buzzer, 
which should be connected via a bridge 
rectifier to ‘х’ and ‘у’. In this case, the 
buzzer is silent when the input voltage 
lies in the safe range, butit squeaks when 
the input goes outside this range. 

Itis advisable to use small buzzers that 
draw a current of not more than 1-3 mA 
(at 5-12 V). 

The monitor may be powered conve- 
niently from a mains adaptor. The supply 
voltage may be 4.5-15 V. At 9 V, it draws 
a current of about 30 mA. 

When the construction has been com- 
pleted, adjust P, to obtain a voltage of ex- 
actly 2.500 V, measured with a digital 









Fig. 5. Suggested front panel for the 
low-voltage monitor. 


ELEKTOR ELECTRONICS MAY 1994 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


№ м Innovation In Electronic CAD Software 





Integrated Analogue Filter Design & Simulation 


All Design Calculations Fully Automated 





Features:- 


Filter Design 
* Design Both Active & Passive Filters By Using The Filter GUI 
* Includes All Popular Filter Realisations (Inc Butwth & Cheby) 





| • Edit Circuits, Round Component Values & Set Tolerances 
| * Generate SPICE Netlists, Print Circuits & Component Lists 


System Modelling 

* Design Complex Feedback & Feedforward Systems 
* Edit Transfer Function Block Names & Contents 

* Implement Systems As Circuits In Seconds 

* Calculate System Function Up To 20th Order 


Simulation 

* Internal Simulation Package Based On Berkeley SPICE 

* Carry Out AC, Transient, Sensitivity & Worst Case Analysis 
* Up To Four Graphs Shown At The Same Time 





* Trace Graphs & Display X-Y Co-ordinates 


Network Designer version 12 
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Call For Your Free Interactive Demo Disk 


All This For Only £275 !! 


SigCad Ltd Tel: 0203 597797 


Requires PC 286/386/486 Compatibles And Runs Under DOS 
Access, Eurocard, Delta, Mastercard, Visa Welcome 
(Price Excludes P&P And VAT) 
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A range of Printed Circuit Boards in stock from many of the Projects in Magazines 
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RADIO COMMUNICATION 
Kits Projects and Materials for manufacturing your own boards, Artwork and Plotting from 
your own Schematic drawings and also C.A.D. facilities. We supply ONE OFF Prototypes 
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87, Blackberry Lane, Four Oaks, Sutton Coldfield. B74 4JF 


(Please mention where you spotted this advertisement) 














































80C31/51/535/515 


Programming and Interfacing with Microcontrollers; This 250+ page 
book gives a comprehensive hands-on approach to show how microcontrollers 
are programmed and Interfaced to external circuitry to perform useful auto- 
mation and control functions. A number of routines, including floating-point 
arithmetics, are included in this book and on the accompanying disk which 
also includes a crossassembler. (£65) 


FLASH; Fuzzy-LogicApplications Software Helper, is a code generator which 
creates routines and tables in the МС5-5 | assembly language to implement 
Fuzzy-Logic control applications. (£ 120) 


Other related products and services are available. For more Information please 
write to the address below or just send a fax. 


KMN Developments, P-O. Box 70, Guildford, 
Surrey GU2 5ZY United Kingdom 
Fax No. *44 (0)483/570722 





voltmeter, across D, (or Ру). Make sure 
that the type coding of D; is LM336-2.5. 

Range 4 is set with a variable power 
supply, set to the desired voltage, and a 
voltmeter across input terminals A and 
B. Adjust Ра until the green LED just goes 
out and Ро until the red LED just goes 
out. 

Finally, make sure that terminal A is 
clearly marked + and terminal B -. Polarity 
reversal would not do the comparators 
any good. 


Parts list 


Resistors: 
В =1kQ 
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R = 1.5 КО, 1% 

Rg = 84.5 0, 1% 

R4, Rg = 165 ©, 1% 

Rs = 2490, 1% 

R7 = 332 О, 1% 

Rg, Rg = 2.2 КО 

Во = 11 КО, 1% 

Ry, = 2.21 КО, 1% 

Кү, Rig = 100 ко 

Кд = 47 КО 

Rj5, Rig = 10 КО 

К}, Ryg = 1.5 КО 

P, = 10 КО, 10 turns preset 
Ро, Ра = 50 КО, 10 turns preset 


Capacitors: 
Ст = 10 pF, 16V 


Semiconductors: 
Tı, То, = BC547B 
[31 = LM336-2.5 
D» = LED, red 

Юз = LED, green 


Integrated circuits: 
IC;  LM393 


Miscellaneous: 

21 = 2-pole, 6-position rotary switch, with 
suitable knob 

Enclosure (if required) 120x65x40 mm 
(43/4x21 /5x11/5 in), e.g. Bopla E430BB 
-represented in UK by Phoenix Mecano 
Ltd, telephone (0296) 398 853. 


NEW BOOKS 


INSANELY GREAT 

The story of the Macintosh, the computer 
that changed the life of computer users 
By Steven Levy 

Price £ 15-00 

Coinciding with the news that Apple Com- 
puter Inc. was the largest PC maker in the 
USA in 1993, comes a new book on the his- 
tory of the Apple Macintosh, the computer 
that can be used by everybody without 
having to remember bewildering sets of com- 
mands that are forgotten as soon as they 
are typed in. Moreover, even the very first 
Macintosh did not use blinding green or 
orange screens that made the user see 
‘green’ even after only a short spell of work- 
ing on rival computers and which have given 
rise in most western nations to legisla- 
tion protecting the operator. No, the Mac- 
intosh had a monitor that showed black 
letters on a white background, just like a 
book or magazine, and altogether kinder 
on the eyes. 

АП Macintosh computers can be used 
without almost any training: just point 
the mouse and type away; intricate com- 
mands are not required. One of the best 
compliments that can be paid to the Mac- 
intosh is that its rivals have adopted a 
similar operating system (called "Win- 
dows’}. At the time of writing this review, 
that system has not yet achieved the ver- 
satility of the Macintosh. 

Some years ago, the Macintosh had the 
disadvantage of being more expensive 
than MS-DOS machines. Over the past few 
years, Macintosh prices have, however, 
come tumbling down and they are now com- 
parable to, and in some case even lower 
than, those of MS-DOS computers of sim- 
ilar performance. 

No wonder that service industries, like 
insurance, accountancy, and newspaper, 
magazine and book publishers in the main 
use Apple computers, not because of cost 
considerations, but because they employ 
computer operators rather than com- 
puter technicians. 

The reasons for the development ofthe 
Macintoshare made clear in this fasci- 
nating book by Steven Levy. It should be 
compulsory reading for management in most 
companies, many of whom now use com- 
puters that are not really suited to their 
operators. 

Viking, 27 Wright's Lane, London 
W8 5TZ. Telephone 071 938 2200. 





POWER ELECTRONIC CONVERTERS 
DC-AC CONVERSION 

By Guy Séguier & Francis Labrique 
ISBN 3 540 54974 9 

Price £ 71-00 (hard cover) 

This fourth and final volume ofthe Power 
Electronic Converters series is devoted to 
DC-AC conversion. DC-AC converters have 


seen considerable development over recent 
years, one the one hand because ofthe dif- 
ficulties related to filtering and on the 
other because of the possibilities offered 
by new semicondctors. 

The first chapter of the book describes 
the principles of inverters and explain s the 
choice and weighing of topics. In the fol- 
lowing chapters, the different types of in- 
verter are described in great detail with an 
emphasis on their application in practice. 
Springer-Verlag London Ltd, Sweet Apple 
House, Catteshall Road, Godalming 
GU7 3DJ. Telephone 0483 418 800. 





DATA ACQUISITION AND PROCESS 
CONTROL WITH THE M68HC11 
MICROCONTROLLER 

By Frederick F. Driscoll, Robert F. 
Coughlin and Robert S. Villanucci 
ISBN 0-02-330555-X 

Price £ 25-95 (hard cover) 

The real fun in using microcontrollers 
starts when you are able to do something 
useful with such a ‘beast’. 

This book should be of special interest 
to readers who have constructed the 68HC11 
processor board described in the April 
1994 issue of Elektor Electronics. 

The book addresses the entire scope of 
using the 68НС1 1 microprocessor for in- 
strumentation and control systems. Various 
skills must be mastered before such ap- 
plications can be made to work as they 
should. The book shows how these many 
skills can be organized effectively by em- 
ploying an engineering design procedure 
with practical application examples. 

The first four chapters of the book are 
devoted to the MC68HC 11 microcontroller 
and an Evaluation Board system obtained 
from Motorola. This system runs a moni- 
tor program called Buffalo!, which stands 
for Bit User Fast Friendly Aid to Logical 
Operation. Buffalo offers a number of fairly 
basic commands like moving blocks of 
memory, calling addresses, go, input/out- 
put, block fill, etc., but also more advanced 
stuff like an assembler/disassembler, and 
debug functions like trace and breakpoint. 

Next come two chapters which may be 
called hybrids because they detail software 
consideration and hardware design pro- 
cedures to both acquire input data and pro- 
vide output control with the microcon- 
troller. 

The last three chapters deal extensively 
with data acquisition and control problems 
with complete hardware and software de- 
signs given, and each problem explained. 
The example programs are presented in 
the form of neatly formatted assembly 
language listings with plenty of comment 
to assist in understanding the operation. 

Most of the chapters take the form of 
a tutorial, closed off with problems and soft- 
ware assignments. 

The appendices contain, among others, 
the complete instruction set and datasheets 
ofthe 68HC 11, as wellas datasheets of some 
of the transducers used in the projects 


described elsewhere in the book. 
Macmillan Publishing Company, New York, 
USA (UK distributors: until; 31 May 1994: 
Marston Book Services, telephone (0865) 
791 155; from 1 June 1994: Paramount 
Publishing, Campus 400,.Maylands 
Avenue, Hemel Hempstead HP2 722; 
telephone (0442) 881 900. 


1 Buffalo may be downloaded from the 
Motorola BBS in Munich, Germany and 
Austin,Texas, as described in Elektor 
Electronics April 1994. 





LINEAR CIRCUIT ANALYSIS & DRAWING 
By Ian Sinclair 

ISBN 0 7506 1662 8 

Price £ 14-95 

This book has many applications in any 
small development workshop in which 
costs must be kept down, and any user who 
has a need to find what a linear circuit is 
likely to do, and how best to draw the cir- 
cuit, can make good use of the book. 

The book introduces the principles of 
linear analysis and shows what is re- 
quired to analyse a variety of common cir- 
cuits with the use of a large number of ex- 
amples. The linear analysis program used 
asanexample in this, the first, part ofthe 
book is Aciran, one of the best available. 
Its installation and setting up is fully ex- 
plained, bearing in m ind that readers are 
likely to know more about electronics than 
about computing. 

The second half of the book is con- 
cerned with circuit diagrams. The prepa- 
ration of precise and printable circuit di- 
agrams is a chore that plagues small-scale 
electronics workshops. In the past, circuit 
diagrams of camera-ready standard required 
the employment ofa capable draughtsper- 
son and took an inordinate amount of 
time and expense. The use of a low-cost 
CAD program, such as AutoSketch, makes 
it possible to automate this process and 
turn out drawings ofa very high standard 
with none ofthe painstaking effort that was 
formerly required. 

Installation of AutoSketch is described 
in detail, as is how individual component 
symbols can be brought or created to any 
required scale. The book then shows how 
circuit diagrams can be built up. 

This 8 not a book for newcomers 10 lin- 
ear circuits, but should be of interest to 
students, technician engineers, interested 
amateurs and anyone concerned with lin- 
ear circuit development work. 
Butterworth-Heinemann, Linacre House, 
Jordan Hill, Oxford OX2 8DP. Telephone 
(0865) 310 366. 
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А SMALL SAMPLE OF OUR RANGE 


ROOM TRANSMITTER RT1 An extremely 
sensitive miniature transmitter with long battery life. 
Dimensions: 20 x 20mm 


MAINS TRANSMITTER MT4 Can be connected 
inside any equipment that is mains powered. 
Dimensions 35 x 20mm 


TELEPHONE TRANSMITTER TTS Small enough 
to conceal within a telephone. Will transmit both sides of 
a conversation (series connection) 

Dimensions: 10 x 20mm 


TELEPHONE SOCKET TRANSMITTER TSTS 
Replace your telephone socket with this one within 
which a transmitter has been concealed. 


ROOM AND TELEPHONE TRANSMITTER RTT 
Operates as a room transmitter, then switches to 
telephone transmitter mode during telephone calls. 
Dimensions: 30 x 25mm 


AUTOMATIC TELEPHONE RECORDER 
SWITCH TRS2 Record telephone conversations with 
this interface unit and your own tape recorder. 
Dimensions: 36 x 50mm 


AUTOMATIC TELEPHONE RECORDER ATR1 
Adapt the tape recorder included to record telephone 
calls automatically. 


TELEPHONE TAP ALERT ፐፕል1 visual warning 
of any invasions of privacy on your telephone line. 
Dimensions: 38 x 52mm 


RF DETECTOR RFD1 Highly sensitive hand-held 
detector. Range between 10Mhz and 600Mhz. Silent 
operation. Dimensions: 70 x 50mm 


CAMERA DETECTOR C08 Detects hidden video 
cameras (even miniature CCO models). 
Dimensions: 63 x 38mm 


RECORDING BRIEFCASE RBC1 Completely 


discreet recordings at a value for money price. 


SHOTGUN MICROPHONE AMPLIFIER SMA 
Ideal for surveillance. The amplifier will pick up sounds 
from a jong distance. 


SIGNALLING TRANSMITTER SIGT Sends а 
continual audio pulse. Can be integrated into alarm, 
tracking or warning systems. Dimensions: 20 x 50mm 


TELEPHONE AMPLIFIER TAS Connected directly 
to the telephone, this unit will amplify both sides of a 
telephone call. Dimensions: 25 x 52mm 


PROFESSIONAL SOUND TO LIGHT UNIT 
SK72 Custom built for disco or home use. Audio signal 
divided into bass, mid and treble bands, with internal 
microphone and spotlight option. 

Dimensions 210 x 45mm 


MICRO METAL DETECTOR ММО Detect the 
presence of ferrous and various non-ferrous metals. 
Useful for all those DIY jobs. Dimensions: 40 x 25mm 


Please add £2.00 P & P to all orders and 17.5% VAT on all U.K. orders. 


For full catalogue please send two 1st class stamps or 2 IRC'S 


172 Caledonian Road 
Dept EL 


London N1 0$@ 
CANAL] {BRIDGE AUDIO 
071-837 4423 
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COPY PROTECTION SYSTEMS 


Are you looking for reliable copy protection 
for your software products ? 


intar's copy protection devices meet the standards of demanding 
industrial environments. Intar produces a wide range of copy protection 
devices from standard parallel port "dongles" to specialized ISA-cards. 


Intar supplies customer customized high performance copy protection 
devices. Low price and high quality are Intar's trademark. 


When looking for proper copy protection, 
Software Protection Devices ask for Intar’s solution | 
ШШ 


for Prices for parallel port model 
Hard Ei ከ 
i аш > ደ 18 (qty 1), ደ 14 (qty 100) 


е ‚ INTAR OY, P.O.BOX 70, FIN-00511, HELSINKI, 
v FINLAND, Fax: +358-0-148-4382 








BUILD YOUR OWN P.C. 


Motherboards Floppy Disk Drives 


386S X-40MHZ £72 | 574" 1.2MB Floppy Disk Drive £35 
386DX-40MHZ 126K CACHE £99 | 372" 1.44MB Floppy Disk Drive £33 
486SX-3OMHZ 256K CACHE £159 | 3%" 1.44MB Floppy with 5%" Frame £36 
486DX-33MHZ 256K CACHE £279 კ 3 
4860Х-40МН2 256K CACHE 2299 Hard Disk Drives 
486DX2-50MHZ 256K CACHE £290 130MB IDE 16ms 
486DX-50MHZ 256K CACHE £369 170MB IDE 15ms 
486DX2-66MHZ 256K CACHE £399 

P 213MB IDE 14ms 
Complete wi'n VESA Local Bus - 3 Slots & 250MB IDE 14ms 
Pentium P24T socket. For EISA motherboards 330MB IDE 12ms 


please ring 420MB IDE 12ms 


Add-on Cards 540MB IDE 12ms 


ЏО Card 251 РЛа £12 
IDE Card 2HD/2FD with Cables £12 
IDE ЏО Card 2HD/2FO/2S/1P1Gwcables £16 
VL-Bus IDE МО card as above 
VL-BuslDEcachingcontrollerdHD2F D 

VL-Bus SCS!}-2 IDE Л/Юсага 

SCSI-2 card with software 
16-bitEthernetCare(NE2100compatible) 


Display Cards 


168 SCSI 9ms 
2G4B SCSI 10ms 
Monitors 


14" SVGA Colour Monitor (0.28mm} 
14" Non-Interlaced Colour Monitor 
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USING THE DOUBLE BALANCED 


MIXER (DBM) 


In radio frequency electronics a mixer is a non-linear circuit or device that permits frequency 
conversion by the process of heterodyning. Mixers are used in the ‘front-end’ of the most 
common form of radio, the superheterodyne (regardless of wave band), in certain electronic 
instruments and in certain measurement schemes (receiver dynamic range, oscillator phase 
noise, etc). This article looks at a very popular mixer circuit, the double balanced type. 


HE block diagram for a basic mixer 

system is shown in Fig. 1; this dia- 
gram is generic in form, but also repre- 
sents the front-end of superheterodyne 
radio receivers. The mixer has three 
ports: F, receives a low-level signal, and 
would correspond to the RF input from 
the aerial in radio receivers; F, is a high- 
level signal, and corresponds to the local 
oscillator (LO) in superhet radios; and #3 
is the resultant mixer product (corre- 
sponding to the intermediate fre- 
quency or ‘IF’ in superhet radios). These 
frequencies are related by: 


F, = mF, + nF, በ) 


Where: 

F, F, and F, are as described above; 

m and n are counting numbers (zero plus 
integers 0, 1, 2, 3, ...) 


In any given system, m and n can be 
zero, or any integer, but in practical cir- 
cuits it is common to consider only the 
first, second and third order products. 
For sake of simplicity, let us consider a 
first-order circuit (m=n=1). Such a mixer 
would output four frequencies: F}, Fo, Ка, 
= F, + F, and Ку = F,—F,. In terms ofa 
radio receiver, these frequencies repre- 
sent the RF input signal, the local oscil- 
lator signal, the sum IF and the 
difference IF. In radios, it is common 
practice to select either sum or difference 
IF by filtering, and rejecting all others. 
There are a number of different types 
of mixer circuit, but only a few different 
classes: single-ended, single balanced 
(or simply ‘balanced’) and double bal- 
anced. Most low-cost superheterodyne 
radio receivers use single-ended mixers, 
although a few of the more costly ‘com- 
munications receiver’ models use singly 
or doublee balanced mixers for improved 
performance. This article focusses on the 
double balanced mixer (DBM) because it 
offers superior performance over the 
other forms, but is not as well known in 
electronic hobby circles. 
One of the advantages of the DBM over 
the other forms of mixer is that it sup- 
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Fig. 1. Block diagram of a mixer used as a frequency converter. 


presses ЕЁ, and F, components of the out- 
put signal, passing only the sum and dif- 
ference signals. In a radio receiver using 
a DBM, the IF filtering and amplifier 
would only have to contend with sum and 
difference IF frequencies, and not bother 
with the LO and RF signals. This effect is 
seen in DBM specifications as the port- 


Double Balanced 
Mixer 


to-port isolation figure, which can reach 
30 to 60 dB depending on DBM model. 

A diplexer stage is shown in Fig. 1, 
and is used to absorb unwanted mixer 
products, and pass desired frequencies. 
These frequency selective circuits are 
discussed below. 

A post-amplifier stage is typically 


Low-Pass 
Filter 


C4 


| О to 
Post-Amp 


High-Pass 
Filter 
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Fig. 2. Diplexer circuit based on low-pass and high-pass filters. 
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included because the insertion loss of 
most passive DBMs is considerable (5 to 
12 dB). The purpose of the amplifier is to 
make up for the loss of signal level in the 
mixing process. Some active DBMs, inci- 
dentally, have a conversion gain fig- 
ure, not a loss. For example, the popular 
Signetics NE602 device offers 20 dB of 
conversion gain.! 


Diplexer circuits 


The RF mixer is like most RF circuits in 
that it wants to be terminated in its 
characteristic impedance. Otherwise, a 
standing wave ratio (SWR) problem will 
result, causing signal loss and other 
problems. In addition, certain passive 
DBMs (of which, more below) will not 
work well if improperly terminated. A 
number of different diplexer circuits are 
known, but two of the most popular are 
shown in Figs. 2 and 3. 

A diplexer has two jobs: 1) it absorbs 
undesired mixer output signals, so they 
are not reflected back into the mixer, and 
2) it transmits desired signals to the out- 
put. In Fig. 2, these goals are met with 
two different LC networks; a high-pass 
filter and a low-pass filter. The assump- 
tion in this circuit is that the difference 
IF is desired, so a high-pass filter with a 
cut-off above the difference IF is used to 
shunt the sum IF (plus and LO and RF 
signals that survived the DBM process) 
to a dummy load (R,). The dummy load 
shown in Fig. 2 is set to 50 Q because 
that is the most common system imped- 
ance for RF circuits (in practice, a 51-0 
resistor might be used). The dummy load 
resistor can be a A-watt unit in most low- 
level cases, but regardless of power level 
it must be a noninductive type (e.g. car- 
bon composition or metal film). 

The inductor (Lj) and capacitor (C) 
values in the high pass filter are de- 
signed to have a 50-O reactance at the IF 
frequency. These values can be calcu- 
lated from: 


ja 500 
2775 





(2) 


I 


CL —— (3) 
2r F (500) 


Where L is in henrys, С is in farads, and 
Ез is in hertz. 

The low-pass filter transmits the de- 
sired difference IF frequency to the out- 
put, rejecting everything else. Like the 
high-pass filter, the L and C elements of 
this filter are designed to have reac- 
tances of 50 О at the difference IF fre- 
quency. 

Recently I built a sweep generator to 
facilitate an high performance AM band 
(540-1700 KHz) receiver that I am de- 
signing. The sweeper circuit is a varactor 
tuned VCO driven with a 45-Hz sawtooth 
wave. The swept oscillator is hetero- 
dyned against a 14-MHz crystal oscilla- 
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Fig. 3. Diplexer circuit based on series and 
parallel resonant circuits. 


tor, producing difference frequencies 
which can be tuned to either 455 KHz 
(my selected IF), or any frequency in the 
AM band. My diplexer unit consists of 
two 3,000-KHz Butterworth filters, one 
high-pass and the other low-pass; each 
filter consists of five reactance elements. 
The high-pass filter was terminated in a 
50-Q dummy load made by parallelling 
two 100-O metal film resistors (which 
were hand-selected for the correct value). 
The low-pass filter was terminated in a 
post amplifier with a 50-Q input imped- 
ance. 

Another popular diplexer circuit is 
shown in Fig. 3. This circuit consists of a 
parallel resonant 50-0 tank circuit (C,- 
L,), and a series resonant 50-0 tank cir- 
cuit (C-L). The series resonant circuit 
passes its resonant frequency while re- 
jecting all others because its impedance 
is low at resonance and high at other fre- 
quencies. Alternatively, the parallel res- 
onant tank circuit offers a high 
impedance to its resonant frequency, and 
a low impedance to all other frequencies. 


Because C,-L, are shunted across the sig- 
nal line, it will short out all but the reso- 
nant frequency. 

In direct conversion receivers, a mixer 
is used to down convert CW and SSB sig- 
nals directly to audio by setting F, close 
to F, without using an IF amplifier 
chain. In those receivers it is common 
practice to build a diplexer similar to 
Fig. 4. Capacitor C, passes high frequen- 
cies (which are RF), and they are ab- 
sorbed in a 50-Q dummy load. The 
low-frequency audio signals (300 to 
3,000 Hz) are passed by a 50-O low-pass 
filter consisting of L,, Ly, L4, В» and Cy. 


JFET and MOSFET DBMs 


Junction field effect transistors (JFETs) 
and metal oxide field effect transistors 
(MOSFETs) can be arranged in a ring 
circuit that provides good double bal- 
anced mixer operation. Figure 5 shows a 
circuit that is based on JFET devices. 
Although discrete JFETs such аз 
MPF102 or its equivalents can be used in 
this circuit with success, performance is 
generally better if the devices are 
matched, or are part of a single IC device 
(e.g., the U350 IC). With due attention to 
layout and input/output balancing, the 
circuit is capable of better than 30 dB 
port-to-port isolation over an octave (2:1) 
frequency change. 

The inputs and output of this circuit 
are based on broadband RF transform- 
ers. These transformers are bifilar and 
trifilar wound on toroidal cores. The 
input circuit consists of two bifilar 
wound impedance transformers (Tr, and 
Tr). The LO and output circuits are trifi- 
lar wound RF transformers. Part of the 
output circuit includes a pair of low-pass 
filters which also serve to transform the 
1.5 to 2 КО impedance of the JFET de- 
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Fig. 4. Diplexer for a direct conversion receiver. Note: R2 changed to 50 ohms if L2 is ideal. 


5. COMPONENTS 


Fig. 5. DBM circuit based on JFET transistors. 


vices to 50 Q. As a result of the needed 
impedance transformation, the filters 
must be designed with different LL and 
Rou characteristics, and that fact compli- 
cates the use of look-up tables (which 
would be permitted if the input and out- 
put resistances were equal). 


Double balanced diode 
mixer circuits 


One of the most easily realized double 
balanced circuits, whether homebrew or 
commercial, is the circuit of Fig. 6. This 
circuit uses a diode ring mixer and bal- 
anced input, output and LO ports. It is 
capable of 30 to 60 dB of port-to-port 180- 
lation, yet is reasonably well-behaved in 
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Fig. 6. Diode double balanced mixer. 
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practical circuits. DBMs such as Fig. 6 
have been used by electronic hobbyists 
and radio amateurs in a wide variety of 
projects from direct conversion receivers 
to single sideband transmitters and 
high-performance shortwave receivers. 
With proper design, a single DBM can be 
made to operate over an extremely wide 
frequency range; several models claim 
operation from 1 to 500 MHz, with IF 
outputs from d.c. to 500 MHz. 

The diodes (D, through D,) can be or- 
dinary silicon VHF/UHF diodes such as 
1N914 or 1N4148. However, superior 
performance is expected when Schottky 
hot-carrier diodes, such as 1N5820 
through 1N5822 are used instead. 
Whatever diode is selected, all four de- 
vices should be matched. The best 
matching of silicon diodes is achieved by 
comparison on a curve tracer, but failing 
that there should at least be a matched 
forward/reverse resistance reading. 
Schottky  hot-carrier diodes can be 
matched by ensuring that the selected 
diodes have the same forward voltage 
drop when biased to a forward current of 
5 to 10 mA. 

Figure 7a shows the internal cir- 
cuitry for a very popular commercial 
diode DBM device, the Mini-Circuits 
SRA-1 and SBL-1 series; a typical 
SRA/SBL package is shown in Fig. 7b. 





These devices offer good performance, 
and are widely available to hobbyists and 
radio amateur builders. Some parts 
houses sell them at retail, as does Mini- 
Circuits [P.O. Box 166, Brooklyn, NY, 
11235, USA: phone 714-934-4500]. I do 
not know the amount of their minimum 
order, but I have had Mini-Circuits in 
the USA respond to $25 orders on several 
occasions ... which is certainly more rea- 
sonable than other companies. 

The packages for the SRA/SBL de- 
vices are similar, being of the order of 
20 mm long with 5-mm pin spacing. The 
principal difference between the pack- 
ages for SRA and SBL devices is in the 
height. In these packages, pin no. 1 is de- 
noted by a blue bead insulator around 
the pin. Other pins are connected to the 
case or have a green (or other colour) 
bead insulator. Also, the ‘MCL’ logo on 
the top can be used to locate pin 1: the 
‘M’ of the logo is directly over pin 1. 
Table 1 shows the characteristics of sev- 
eral DBMs in the SRA and SBL series, 
while Table 2 shows the pin assign- 
ments for the same devices. 

In the standard series of devices, the 
RF input can accommodate signals up to 
+1 dBm (1.26 mW into 50 Q), while the 
LO input must see а +7 dBm (5-mW) sig- 
nal level for proper operation. Given the 
50-Q input impedance of all ports of the 
SRA/SBL devices, the RF signal level 
must be kept below 700 mV,,, while the 
LO wants to see 1400 mV,,. It is essen- 
tial that the LO level be maintained 
across the band of interest, or else mix- 
ing operation will suffer. Although the 
device will work down to +5 dBm, a great 
increase in spurious output and less 
port-to-port isolation is found. Spectrum 
analyzer plots of the output signal at low 
LO drive levels show considerable second 
and third-order distortion products. 

Note the IF output of the SRA/SBL de- 
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Fig. 7. (a) Mini-Circuits SRA/SBL series 
DBMs; (b) typical Mini-Circuits DBM 
package. 
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COMPONENTS 











Fig. 8. Waveforms from a circuit using the 
Mini-Circuits DBM: (a) improperly 
terminated; (b) with part of diplexer 
disconnected; (c) output waveform when 
diplexer is connected. 


vices. Although some models in the se- 
ries use a single IF output pin, most of 
these devices use two pins (3 and 4), and 
these must be connected together exter- 
nally for the device to work. 

As is true with most DBMs, and all 
diode ring DBM circuits, the SRA/SBL 
devices are sensitive to the load imped- 
ance at the IF output. Good mixing, and 
freedom from the LO/RF feedthrough 
problem, occurs when the mixer looks 
into a low-VSWR load. For this reason, a 
good diplexer circuit is required at the 
output. In experiments, I have found 
that unterminated SBL-1-1 mixers pro- 
duce nearly linear mixing when not prop- 
erly terminated...and that is not what is 
desired in a frequency converter. 

The effects of the termination imped- 
ance on the operation of the diode DBM 
circuit are shown in Fig. 8. The oscillo- 
scope photo in Fig. 8a shows the mixer 


RF C3 
у 10 


< +14Вт 


Table 1. Main specifications of some commonly found diode double balanced mixers. 


Diplexer 
2% 


* see text 
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Fig. 9. Typical circuit using the Mini-Circuits SRA/SBL devices. 


output directly at pins 3 and 4 of an SBL- 
1-1. Note that it is a complex waveform 
of mixed signals, and reflects the fact 
that the mixer is not properly termi- 
nated. The waveform at Fig. 8b was 
taken at the output of the low-pass filter 
when the high-pass filter and its associ- 
ated dummy load was disconnected. At 
Fig. 8c is the resultant when properly 
matched high pass (and dummy load) 
and low pass filters were in operation. 
The waveform was a nearly clean sine 
wave of 455 KHz. Another waveform, not 
shown, was obtained when there was no 
high pass filter, but the DBM was termi- 
nated in a resistance matched to its char- 


Table 2. Pin function overview for diode DBMs. 


acteristic impedance and a low pass fil- 
ter. It was a distorted sinewave, and re- 
flected the fact that other products were 
present in the output signal. 

Figure 9 shows a typical SRA/SBL 
circuit: RF drive (<+1 dBm) is applied to 
pin 1, and the +7 dBm LO signal is ap- 
plied to pin 8. The IF signal is output 
through pins 8 and 4, which are strapped 
together. All other pins (2, 5, 6 and 7) are 
grounded. 

The diplexer circuit consists of a high- 
pass filter (C,-L,) terminated into a 50-Q 
dummy load for the unwanted frequen- 
cies, and a low-pass filter (L,-L,-C,) for 
the desired frequencies. All capacitors 
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Fig. 10. (a) Internal circuitry for the LM1496 
DBM; (b) DIP package for the LM1496; (c) 
metal can package for the LM1496. 


and inductors are selected to have a reac- 
tance of 80 Q at the IF frequency. 
Sometimes 1-dB resistor л-раа atten- 
uators are used at the inputs and the IF 
output of the DBM. In some cases, the 
input attenuators are needed to prevent 
overload of the DBM (overload causes 
spurious product frequencies to be gener- 
ated, and may cause destruction of the 
device). In other cases, the circuit de- 
signer is attempting to ‘swamp out’ the 
effects of source or load impedance varia- 
tions. Although this method works, it is 
better to design the circuit to be insensi- 
tive to such fluctuations, rather than to 
use a swamping attenuator. The reason 
is that the resistive attenuator causes a 
signal loss and adds to the noise gener- 
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USING THE DOUBLE BALANCED MIXER (DBM) 


Fig. 11. Mixer circuit using the LM1496. 


ated in the circuit (no resistor can be to- 
tally noise free). A good alternative is to 
use a stable amplifier with 50 O input 
and output impedances, and that is not 
itself sensitive to impedance variation, to 
isolate the DBM. 

Mini-Circuits devices related to the 
SRA-1 and SBL-1 incorporate MAR-x se- 
ries MMIC amplifiers internal to the 
DBM. One series of devices places the 
amplifier in the LO circuit, so that much 
lower levels of LO signal will provide 
proper mixing. Another series places the 
amplifier in the IF output port. This am- 
plifier accomplishes two things: it makes 
up for the inherent loss of the mixer and 
it provides greater freedom from load 
variations that can affect the regular 
SRA/SBL devices. 


Bipolar transconductance 
cell DBMs 


Active mixers made from bipolar silicon 
transistors formed into Gilbert transcon- 
ductance cell circuits are also easily 
available. Perhaps the two most common 
devices are the Signetics NE602 device 
and the LM1496 device (Maplin cata- 
logue no. QHA7B, p. 463 in 1993 edition). 

The NE602 was discussed extensively 
in Ref. 1, to which the reader is referred 
for details on input, output and LO con- 
figurations. 

The LM1496 device is shown in 
Figs. 10a, 10b and 10c. Figure 10a 
shows the internal circuitry, while 
Figs. 10b and 10c show the DIP and 
metal can packages, respectively. Pins 7 
and 8 form the local oscillator (or ‘carrier’ 


ж see text 
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in communications terminology) input, 
while pins 1 and 4 form the RF input. 
These push-pull inputs are also some- 
times labelled ‘high level signal’ (7 and 8) 
and ‘low level signal’ (1 and 4) inputs. 
D.c. bias (pin 5) and gain adjustment 
(pins 2 and 3) are also provided. 

Figure 11 shows the basic LM1496 
mixer circuit in which the RF and carrier 
inputs are connected in the single-ended 
configuration. The respective signals are 
applied to the input pins through d.c. 
blocking capacitors C, and C,; the alter- 
nate pin inputs in both cases are by- 
passed to ground through capacitors C, 
and С.. 

The output network consists of a 9:1 
broadband RF transformer that com- 
bines the two outputs, and reduces their 
impedance to 80 О. The primary of the 
transformer is resonated to the IF fre- 
quency by capacitor С,. 

Figure 12 shows a circuit that uses 
the LM1496 device to generate double 
sideband suppressed carrier (DSSC) sig- 
nals. When followed by a 2.5 to 3-KHz 
bandpass filter, which is off-set from the 
IF frequency, this circuit will also gener- 
ate single sideband (SSB) signals. In 
common practice, a crystal oscillator will 
generate the carrier signal (LC), while 
the audio stages produce the modulating 
signal (U,,) from an audio oscillator or 
microphone input stage. I once saw a cir- 
cuit that is very similar to this one in a 
signal generator/test set used to service 
both amateur radio and marine HF-SSB 
radio transceivers. It was the signal 
source to test the receiver sections of the 
transceivers. The carrier was set to 
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Fig. 12. Double sideband suppressed carrier (DSSC) generator circuit using the LM1496. 


9 MHz, and both lower sideband (LSB) 
and upper sideband (USB) KVG crystal 
filters were used to select the desired 
sideband. Ап alternate scheme which is 
cheaper uses a single 9-MHz crystal fil- 
ter, but two different crystals at frequen- 
cies either side of the crystal passband. 
One crystal would generate the USB sig- 
nal, while the other would generate the 


Local Carrier 


LSB signal. 

For single sideband to be useful it has 
to be demodulated to recover the audio 
modulation. The circuit of Fig. 13 will do 
that job nicely. It uses an LM1496 DBM 
as a product detector. This type of de- 
tector works on CW, SSB and DSB sig- 
nals (all three require a local oscillator 
injection signal), and produces the audio 
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Fig. 13. Single-sideband/CW product detector for receiver using the LM1496. 


resultant from heterodyning the local 
carrier signal against the SSB IF signal 
in the receiver. All SSB receivers use 
some form of product detector at the end 
of the IF chain, and many of them use 
the LM1496 device in a circuit similar to 
Fig. 13. 


Conciusion 


Double balanced mixer circuits work bet- 
ter than most other mixer circuits in 
radio receivers, SSB transmitters/re- 
ceivers, instrumentation and measure- 
ment situations. They are easy to use in 
most cases, and if properly designed into 
a circuit yield good results with mini- 
mum effort. L| 
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1. ‘NE602 primer, Joseph J. Carr, 
Elektor Electronics January 1992, pp. 20- 
25. 
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RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good 
condition. Back anodised metal case. £99 each REF MAG99P1 
GX4000 GAMES MACHINES returns so ok for spares or 
repair £9 each (no games). REF MAG9P1 

C64 COMPUTERS Retums, so ok for spares etc £9 ref MAG9P2 
FUSELAGE LIGHTS 3 foot by 4° panel 1/8" thick with 3 panels 
that glow green when а voltage is applied. Good for nightlights front 
panels, signs, disco etc. 50- 100v per strip. £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give you the bits 
for 1 fault, you have to find the other yourself. BT Response 2005 
£18 ea REF MAG18P1, BT Response 400's £25 ea REF MAG25P3 
Suitable power supply £5 REF MAGSP 12 

SWITCHED MODE PSU ex equip, 60w +5v @5А, -5v@.5A, 
+12V@2A,-12V@.5A 120/220v cased 245x88x55mm |ЕСтрш 
socket £6.99 REF MAG7P1 

PLUG IN PSU 9V 200mA DC £2.99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
POWER SUPPLY tully cased with mains and o/p leads 17v DC 
900тА output. Bargain price £5.99 ref MAGGP9 

ACORN ARCHIMEDES PSU «5v @ 4.4A. on/off sw uncased, 
selectable mains input, 145x100x45mm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, 
complete with PCB and components. £29 REF MAG29P1 
SINCLAIR Сб 13° wheels complete with tube, tyre and cycle style 
bearing £6 ea REF MAG6P 10 

ልል NICAD PACK encapsulated pack of 8 AA nicad batteries 
(tagged) ex equip, 55x32x32mm. £3 a pack. REF МАСЗР11 
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3 
360K 6.26 brand new half height floppy drives IBMcompatible 
industry standard. Just £6.99 REF MAG7P3 

PPCMODEM CARDS. These аге high spec plugin cards made 
forthe Amstrad laptop computers. 2400 baud dial up unit complete 
with leads. Clearance price is £5 REF: MAGSP1 

INFRA RED REMOTE CONTROLLERS Originally made for 
hi spec satellite equipment but perfect for all sorts of remote control 
projects. Our clearance price is just £2 REF: MAG2 

TOWERS INTERNATIONAL TRANSISTOR GUIDE. А 
very useful book for finding equivalent transistors, leadouts, specs 
etc. £20 REF: MAG20P1 

SINCLAIR C5 MOTORS we havea few leftwithoutgearboxes. 
These аге 12v DC 3,300 rpm 6"x4", 1/4" OP shaft. £25 REF: MAG25 
UNIVERSAL SPEED CONTROLLER KIT Designed by us 
for the above motor but suitable for any 12v motor up to 30A. 
Complete with PCB etc. A heat sink may be required. £17.00 

REF: MAG17 

VIDEO SENDER UNIT. Transmits both audio andvideo signals 
from either a video camera, video recorder, TV or Computer etc to 
any standard TV setin a 100' range! (tune TV to a spare channel) 12v 
DC op. Priceis£15 REF: MAG15 12vpsuis£5 extra REF: MAGSP2 
*FM CORDLESS MICROPHONE Small hand held unit witha 
500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable 
to any FM receiver. Рпсе 15215 REF: MAG15P1 

LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200'. ideal for garden use oras an educational 
toy. Price is £8 a pair REF: MAG 8P1 2xPP3 req'd. 
*MINATURE RADIO TRANSCEIVERS A pair of walkie 
talkies with a range of up to 2 kilometres in open country. Units 
measure 22x52x 155mm. Complete with cases and earpieces. 2xPP3 
req'd. £30.00 pair REF: MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into 
separate H sync, V sync, and video. 12v DC. £8.00 REF: MAG8P2. 
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc In fact everything bar the case and electronics, a good 
stripper £5 REF: MAG5P3 or 2 for £8 REF: МАСВРЗ 
SPEAKERWIRE Brown 2core 100foot hank£2 REF: MAG2P1 
LED PACK of 100 standard red 5m leds £5 REF МАб5Р4 
JUG KETTLE ELEMENT good general purpose heating ele- 
ment (about ки) ideal for heating projects. 2 for £3 REF: MAG3 
UNIVERSAL PC POWER SUPPLY complete with flyleads, 
Switch, fan etc. Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
*FMTRANSMITTER housedina standard working 13A adapter!! 
thebug runs directly offthemains so lasts forever! why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 

*FM BUG KIT New design with PCB embedded coil for extra 
stability. Works to any FM radio. Эм battery req'd. £5 REF: MAGSPS 
*FM BUG BUILT AND TESTED superior design to kit. 
Supplied to detective agencies. 9v battery req'd. £14 REF: MAG14 
TALKING COINBOX STRIPPER originally made to retail at 
£79 each, these units are designed to convert and ordinary phone 
into а payphone. The units have the locks missing and sometimes 
broken hinges. However they can be adapted for their original use 
or used for something else?? Price is just £3 REF: MAG3P1 

100 WATT MOSFET PAIR Same specas 25K343and28J413 
(8А, 140v,100w) 1 N channel, 1 P channel, £3 a pair REF: MAG3P2 
VELCRO 1 metre length of each side 20mm wide (quick way of 
fixing for temporary jobs etc) £2 REF: MAG2P3 

MAGNETIC AGITATORS Consisting of a cased mains motor 
with lead. The motor has two magnets fixed to a rotor that spin round 
inside. There are also 2 plastic covered magnets supplied. Made for 
remotely stirring liquids! you may have a use? £3 eachREF:MAG3P3 


BULL'S 
BULLETIN BOARD 


100MHZ DUAL TRACE 
OSCILLOSCOPES 
JUST £259 
RING FOR DETAILS 


MASSIVE 


WAREHOUSE CLEARANCE 


FANTASTIC £20.00 REDUCTION 


REFURBISHED PC BASE UNITS 
COMPLETE WITH KEYBOARD 


FROM ONLY £29.00 


AMSTRAD 1512 BASE UNITS 


GUARANTEED 
PERFECT WORKING ORDER. 


ል LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET. 


AMSTRAD 151250 
1512 BASE UNIT, 5.25" FLOPPY DRIVE AND 


KEYBOARD. ALL YOU NEED IS A MONITOR AND 
POWER SUPPLY. WAS $49.00 
NOW ONLY £29.00 
REF: MAG29 


AMSTRAD 1512DD 
1512 BASE UNIT AND KEYBOARD AND TWO 
5.25" 360K DRIVES. ALL YOU NEED IS A MONITOR 
AND POWER SUPPLY WAS £59.00 
NOW ONLY £39.00 
REF: MAG39 


SOLAR POWER PANELS 


ЗЕТ X ТЕТ ТОМАТТ GLASS PANELS 
14.5v/700mA 
NOW AVAILABLE BY MAIL ORDER 
£33.95 


«PLUS $2.00 SPECIAL PACKAGING CHARGE) 
TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE 
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY 
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY- 
WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 


FREE SOFTWARE! 


Brand new, UNUSED top ацаШу Famous brand 
licensed software discs. Available in 5.25" DSDD or 5.25" 
HD only. You buy the disk and it comes with free BRAND 
NEW UNUSED SOFTWARE, We are actually selling you the 
floppy disc for your own "MEGA CHEAP" storage facilitles, 
if youhappento get software that you want/need/like as 
S you get a "MEGA BARGAIN" tool 
0500 PKT10 £2.99 REF: МАСЗР7 — PKT100 $16.00 REF: MAG16 


£££££££WE BUY SURPLUS STOCK£££££££ 
TURN YOUR SURPLUS STOCK INTO CASH. 
IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE. 


1994 CATALOGUE. 


PLEASE SEND 45Р, A4 SIZED SAE FOR YOUR FREE COPY. 
MINIMUM GOODS ORDER £500 TRADE ORDERS FROM GOVERNMENT, SCHOOLS, 
UNIVERSITIES, & LOCAL AUTHORITIES WELCOME. ALL GOODS SUPPLIED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 30 
DAYS RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE. ORDERS SUBJECT TO STOCK QUOTATIONS WILLINOLY GIVEN FOR QUANTI- 
TIES HIGHER THAN THOSE STATED 


*SOME OF OUR PRODUCTS МАУ BE UNLICENSABLE IN THE UK 


BULL ELECTRICAL 


250 PORTLAND rd HOVE SUSSEX 
MAIL ORDER TERMS: CASH PO OR CHEQUE 
WITH ORDER PLUS £3.00 POST PLUS VAT. 


PLEASE ALLOW 7-10 DAYS FOR DELIVERY 


ER TELEPHONE ORDERS WELCOME 


TEL: 0273 203500 Е 
FAX: 0273 323077 m 


TOP QUALITY SPEAKERS Made for HI FI televisions 

these are 10 watt 4R Jap made 4" round with large 

shielded magnets. Good quality general purpose speaker. 

£2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2 
TWEETERS 2 diameter good quality tweeter 140R (ok with #% 
above speaker) 2 for £2 REF: МАС2Р5 or 4 for£3 REF: MAG3P4 
AT KEYBOARDS Madeby Apricotthese quality keyboards need 
justa small modification to run on any AT, they work perfectly but you 
will have to put up with 1 or 2 foreign keycaps! Price £6 REF: 
MAG6P3 

XT KEY BOARDS Mixed types, some returns, some good, some 
foreign etc but all good for spares! Price is £2 each REF:MAG2P6 
or 4 for £6 REF: MAG6P4 

PC CASES Again mixed types so you take a chance next one off 
the pile £12 REF:MAG12 or two the same for £20 REF: MAG20P4 
COMMODORE MICRODRIVE SYSTEM mini storage 
device for C64's 4 times faster than disc drives, 10 times faster 
than tapes. Complete unit just £12 REF:MAG12P1 

SCHOOL STRIPPERS we have quite a few of the above 
units which are ‘returns’ as they are quite comprehensive units 
they could be used for other projects etc. Let us know how many you 
need at just 50р a unit (minimum 10). 

HEADPHONES 16P These are ex Virgin Atlantic. You can have 
8 pairs tor£2 REF: MAG2P8 

PROXIMITY SENSORS These are small PCB's with what look 
like a source and sensor LED on one end and lots of components on 
the rest of the PCB. Complete with fly leads. Pack of 523 REF: MAG: 
305 or20for£8 REF: MAG8P4 

SNOOPERS EAR? Original made to dip over the earpiece of 
telephone to amplify the sound-it also works quite well on the cable 
running along the wall! Price is £5 REF: MAG5P7 

DOS PACKS Microsoft version 3.3 or higher complete with ail 
manuals or price just £5 REF: MAGSP8 Worth it just for the very 
comprehensive manual! 5.25” only. 

DOS PACK Microsoft version 5 Original software but no manu- 
als hence only £3 REF: MAG3P6 5.25" only, 

FOREIGN DOS 3.3-Geman Frenchitalian etc £2 a pack with 
manual. 5.25" only. REF:MAG2P9 

CTM644 COLOURMONITOR. Madetowork with the CPC464 
home computer. Standard RGB input so will work with other ma- 
chines. Refurbished £59.00 REF:MAG59 

PIR DETECTOR Made by famous UK alam manufacturer these 
are hi spec, long range internal units. 12v operation. Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8P5 
WINDUP SOLAR POWERED RADIO AM/FM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 
COMMODORE 64 TAPE DRIVES Customer returns at £4 
REF: MAG4P9 Fully tested and working units are£12 REF: MAG12P5 
COMPUTER TERMINALS complete with screen, keyboard 
and RS232input/output. Ex equipment. Price is£27 REF: MAG27 
MAINS CABLES These are 2 core standard black 2 metre mains 
cables fitted with a 13A plug on one end, cable the other. Ideal for 
projects, low cost manufacturing etc. Pack of 10 for £3 REF: MAG3P8 
Pack of 100 £20 REF: MAG20P5 

SURFACEMOUNT STRIPPER Originally made as some form 
of high frequency amplifier (main chip is a TSA5511T 1.3GHz 
synthasiser ) but good stripper value, an excellent way to play with 
surface mount components £1.00 REF: МАС1Р1. 
MICROWAVE TIMER Electronic timer with relay output suitable 
to make enlarger timer etc £4 REF: MAG4P4 

MOBILE CAR PHONE £6.99 well almost! complete in car 
phone excluding the box of electronics normally hidden under seat. 
Can be made to illuminate with 12v also has built in light sensor so 
display only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mount on an ежета! 
bell box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regularly) 5 REF: MAGSP 11 

FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm.With key. Comes with electronics but 
no information. sale price 7.99 REF: MAG8P6 

SUPER SIZE HEATSINK Superb quality aluminium heatsink. 
365 x 183 x 61mm, 15 fins enable high heat dissipation. No holes! 
sale price £5.99 REF: MAG6P 11 

REMOTE CONTROL PCB These are receiver boards for 
garage door opening systems. You may have another use? £4 ea 
REF: MAG4P5 

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. Bargain price just £5.99 ea REF MAG6P12. 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAG5P 13 ideal for experimenters! 30 m for£ 12.99 ref MAG13P1 
LOPTX Line output transformers believed to be for hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P 12 bumper pack of 10 for £12 REF: MAG12P3. 


SHOP OPEN 9-5.30 SIX 
DAYS A WEEK 


PORTABLE RADIATION DETECTOR 


£49.99 


А Handheld personal Gamma and X Ray detec- 
tor. This unit contains two Geiger Tubes, hasa 4 
digit LCD display with a Piezo speaker, giving an 
audio visual indication. The unit detects high 
energy electromagnetic quanta with an energy 
from 30K eV to over 1.2M eV and a measuring 
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied 
complete with handbook. 


REF: MAG50 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


POWERFUL SCHEMATIC CAPTURE, 
PCB DESIGN AND AUTOROUTING 
ALL FOR JUST £395... 


PROPAK AR provides all the features you need to create complex PCB designs quickly and easily. 
Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist into ARES 
AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule checks 
guarantee that the final PCB will correspond exactly with the schematic thus saving you from costly 
layout errors and time consuming debugging. 












= Attractive, easy to use graphical interface. 

Object oriented schematic editor with automatic wire routing, 

dot placement and mouse driven place/edit/move/delete. 

Netlist generation for most popular CAD software. 

Bill of Materials and Electrical Rules Check reports. 

Two schemes for hierarchical design. 

Automatic component annotation and packaging. 

Comprehensive device libraries and package libraries 

including both through hole and SMT parts. 

= User definable snap grids (imperial and metric) and Real 
Time Snap to deal with tricky SMT spacings. 

* Manual route editing features include Auto Track Necking, 
Topological editing and Curved tracks. 

= Autorouting for single, double and multi-layer boards. 

= Non autorouting PROPAK is available for just £250 if you do 

not need or want the router. 

Full connectivity and design rule checking. 

Power plane generator with thermal relief necking. 

Graphics support to 800x600 Super VGA. 

Output to dot matrix and laser printers, HP and Houston 

plotters, Postscript devices, Gerber and Excellon NC 

machines plus DXF and other DTP file formats. 
























DIGITa ፲ቱ 
















































CADPAK 
Two Programs for the Price of One 


1515 ILLUSTRATOR 
Schematic Drawing for Windows 







ISIS SUPERSKETCH 
A superb schematic drawing program 
for DOS offering Wire Autorouting, 
Auto Dot Placement, full component 
libraries, export to DTP and much more. 

















Exceptionally easy and quick to use. For example, you 
can place a wire with just two mouse clicks - the wire 
autorouter does the rest. 















Running under Windows 3.1, ISIS ILLUSTRATOR lets 
you create presentation quality schematic drawings like 
you see in the magazines. Furthermore, when the 
drawing is done, transferring it to another document is 
just a matter of pasting it through the Clipboard. 









PCB Il 
High performance yet easy to use manual PCB layout 
package. Many advanced features including curved tracks, 
auto track necking, DXF export, Gerber and NC file 
generation, Gerber viewing and more. 














Alan Chadwick writing in ETI (January 94) concluded... 
"At £79 I thought this was an excellent buy." 


арсепсер 


le ct ያ о ዘ іс 5 






Now used by a number of prominent technical authors to 
illustrate their latest books and magazine articles. 












Call us today on 0274 542868 or 
fax 0274 481078 for a demo pack - 

state DOS or Windows. Multi-copy and 

educational discounts available. 

Prices exclude p&p (£5 for U.K.) and VAT. All manufacturers’ trademarks acknowledged 


14 Marriner's Drive, Bradford, BD9 4JT. 
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SOUND-TO-LIGHT 
UNIT 





Although huge monitors are quite common in today’s party 
bunkers, clubs and discotheques, the idea of using a TV set 
instead of the more usual set of coloured lamps is quite novel. 
Here, a circuit is described to produce playful light effects on 


the telly. 


From an idea by B. Willaert 


HE TV sound-to light unit de- 

scribed in this article may be driven 
with a line signal or a signal picked up 
by a microphone. Depending on the 
spectral composition of the input sig- 
nal (bass, mid-range, treble), the cir- 
cuit sends a signal to the red, green or 
blue (R, G, B) input on the SCART 
socket of a TV set. This causes the TV 
screen to go red, green or blue, or 
blends of these primary colours if the 
input signal contains two or three 
strong components in the respective 
frequency ranges. This means that the 
operation of the TV sound-to-light unit 
is, in principle, identical to that of a 
‘conventional’ unit with three lamps. 
As an unusual feature, however, the 
present unit enables colours to be 
mixed. 


glass face 


deflection plane shadow mask 


electron guns 





phosphor 
dots 


SSS SSS SS SSS SSSA 
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Fig. 1. The perceived colour of a picture ele- 


ment is created by blending the primary 
colours, red, green and blue, at the right 
ratio. The correct colour is obtained by firing 
electrons at phosphor particles at the inside 
of the picture tube. 


Television: the basics 


Before looking at the design of the TV 
sound-to-light unit, a brief recap is 
given of the operation of the TV system. 
The screen of a colour TV may be com- 
pared with a painter’s palette with only 
the three primary colours on it: red (R), 
green (G) and blue (B). Any colour can 
be made by mixing the RGB compo- 
nents at certain ratios. 

A TV set obviously does not use 
paint to mix colours. Instead, the pri- 
mary colours are mixed using electron 
beams. The principle is illustrated in 
Fig. 1. Each primary colour has its 
own electron gun which ‘fires’ a very 
narrow beam in the direction of the in- 
side surface of the TV picture. The 
three beams converge at the so-called 
shadow mask at the inside of the pic- 
ture tube. The mask is a thin plate 
with masses of small holes which pass 
the three beams. When the beams 
leave the holes in the shadow mask, 
they arrive on a layer of phosphor par- 
ticles which covers the inside of the 
picture tube. Each beams ‘hits’ its own 
phosphor type. The phosphor particles 
light up when ‘bombarded’ with elec- 
trons, and so visualize the colours red, 
green and blue. 

Since the three tiny light spots in 
each pixel are very close together, the 
viewer perceives a dot with a certain 
colour blend rather than three individ- 
ual primary colours. In this way, each 
picture element (‘pixel’) is provided 
with the correct colour information, 
and the entire picture is built up pixel- 
by-pixel. 

The received TV signal contains, 
among others, information on the mix- 
ture ratio of the R, G and B signals. 
This information is received in com- 
pacted form, and decoded inside the 
TV set to yield the three primary 
colours. Most modern TV sets have a 
SCART socket (also called Peritel or 
Euro A/V), which allows the RGB am- 
plifiers and associated electron guns in 
the set to be driven with external sig- 
nals. And that, you guessed it, is ex- 
actly what the present circuit does. 


Block diagram 


The basic structure of the TV sound- 
to-light unit is shown in Fig. 2. As with 
an ‘ordinary’ sound-to-light unit, the 
input signal is obtained either from a 
‘line’ connection (say, the mixing con- 
sole output) or a microphone. The sen- 
sitivity of the circuit is adjustable by 
setting the gain of the input amplifier. 
The amplified audio signal is fed to 
three filter sections: a low-pass filter, a 
band-pass filter and a high-pass filter. 
These filters extract the bass, mid- 
range and treble information from the 
input signal. The filter output signals 
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low-pass filter 





SCART 
connection 






af. 
signal 






sensitivity 936038X - 12 


synchronization 






signal 








Fig. 2. Most functions of the TV sound-to-light unit may be found in any conventional sound- 
to-light unit based on lamps. The difference, however, is the TV interface, which consists of 


TV SOUND-TO-LIGHT UNIT єз 








—+%»— = imaging electron beam 936038Х - 13 
--<- = flyback electron beam 
Fig. 3. The flyback (retrace) beam is 


quenched to avoid unwanted horizontal and 
diagonal lines on the TV screen. 


then drive the RGB inputs of the TV. 
Low frequencies cause the screen to go 
red, while mid-range and high compo- 
nents turn it green or blue respectively. 

The block diagram also shows a syn- 
chronisation sub-circuit. This serves to 
ensure that every picture line has the 
right length (approx. 64 ps), and that 



















RGB driver stages and a synchronisation control circuit. the retrace (or 'flpback) beam is 
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ОФ 
Fig. 4. Circuit diagram of the TV sound-to-light unit. The circuit takes its input signal either from a microphone ога line connection. A crystal 
oscillator is used to ensure the correct picture line length of 64 ps (including the synchronisation pulse). 
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GENERAL INTEREST 


quenched. As illustrated in Fig. 3, the 
electron beam makes a scanning move- 
ment across the screen. During the re- 
trace period, the beam is quenched 
(switched off) to avoid unwanted lines, 
both horizontally and diagonally, being 
written on to the screen. 


Practical circuit 
Although the circuit diagram in Fig. 4 


looks complex at first glance, the func- 
tions of the various sub-circuits are 
easily recognized from the block dia- 
gram discussed above. 

The audio signal is picked up by mi- 
crophone Mic;, and fed to the input of 
a simple preamplifier stage based on 
opamp ICgp. Alternatively, the input 
signal may be applied directly via ‘line’ 
socket Kı. The amplification of [Cap 
may be set to a value between 0.02 and 





850956 


























Fig. 5. Track layout (direct reading) and component overlay of the circuit board for the TV 
sound-to-light unit (PCB available ready-made through the Readers Services). 


20. The preamplifier output signal is 
applied to a combined filter, which di- 
vides the signal into low, mid-range 
and high components. The high fre- 
quencies leave the filter via pin 1 of 
[С2.. The mid-range signals are found 
at pin 14 of ICoq, and the low frequen- 
cies, at pin 8 of 1С»,. 

Next, the three components are ap- 
plied to three identical drivers, T4, Ts 
and Tg. Each signal is first rectified 


COMPONENTS LIST 
R10 2 


R11-330kOQ — 
В12,8 14,815 = 1kQ 


834-837 = 820 b 
РТ = 470KQ logarithmic — 


Capacitors: 

С2 = 100рЕ_ p ተ. 
C4,C5,C15 = 470nF | | | 
Сб = ТОПЕ _ 

Cen |. 
C9,C10,C22 = 100yF 10V rad 

CI-IEMKT  ቲ 

Ci4=22uF 10V radial — — 
C16,C18,C24 = 10yF 10V radial | 

| C17 = 220nF | | 
C19 = 100uF 40V radial 


| Semiconductors: 
01-011 = 14148. 
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Fig. 6. Alternative connection schematic for 
two-wire electret microphones. 


and smoothed by two diodes and a ca- 
pacitor (for instance, D7, Dg and Сд), 
so that each driver is supplied with a 
clean direct voltage. The resistor 
across each smoothing capacitor (for 
instance, Кол) enables the capacitor 
voltage to decrease after a short while 
after the input signal has disappeared. 
This is done to give the sound-to-light 
unit a fairly 'calm' behaviour, avoiding 
a too fast response to sound changes. 
The output signal of each driver tran- 
sistor is sent to the respective RGB 
input via a current limiting resistor of 
82 О. 

The circuit diagram shows that the 
RGB driver transistors are supplied via 
a series transistor, Та, which acts as a 
switch, and so enables a simple kind of 
synchronisation to be realized. The 
switch is closed for 60 115, which corre- 
sponds to the length of a picture line. 
Each period of 60 ps is headed by a 
synchronisation pulse of 4 ns, which 
serves to inform the TV that a new line 
is about to be written. The synchroni- 
sation pulse is sent to the TV set via 
Ra, and the respective pin on the 
SCART socket. To make sure that each 
line period has a total length of 64 ps, 
the switching signals are derived from 
a crystal oscillator with associated di- 
vider, ICI. The 4-MHz quartz clock sig- 
nal is divided by 256 (28), which gives 
a line frequency of 15.625 Hz, corre- 
sponding to a period of 64 ps. 

Finally, the circuit is powered by a 
mains adaptor with a direct output 
voltage between 9 V and 12 V. The 
adaptor output voltage is stepped 
down to 5 V by regulator ICვ. 


Construction 


The artwork of the printed circuit 
board designed for the TV sound-to- 
light unit is given in Fig. 5. This board 
is available ready-made through the 
Readers Services. 


ELEKTOR ELECTRONICS MAY 1994 





Fig. 7. Fully populated circuit board. 





TV SOUND-TO-LIGHT UNIT 65 








Fig. 8. Prototype of the TV sound-to-light unit mounted into a plastic enclosure. 


Start the construction by fitting all 
wire links, then the IC sockets. Solder 
carefully to avoid a long fault-finding 
session later. Next, fit all other parts, 
keeping the larger ones (for instance, 
the SCART socket and potentiometer 
P,) till the last. The SCART socket is 
first secured to the PCB by inserting its 
plastic fixing pins into the two holes in 
the PCB. Next, solder the socket pins. 

Resistor Rag is not fitted on to the 
board, but connected to the electret 
microphone as а ‘flying’ part. If the mi- 
crophone is a type with three termi- 
nals, it is connected as shown by the 


circuit diagram. If you happen to have 
a two-terminal type, connect it as 
shown in Fig. 6. If you wish to use the 
line input only, Mic, and R39 may, of 
course, be omitted. 

The board is ready for fitting into a 
suitable enclosure after it has been 
populated (Fig. 7), and the solder work 
carefully inspected. The prototype 
shown in Fig. 8 should give you an im- 
pression of how we did the finishing 
touch to the unit. The design of a front 
panel for the TV sound-to-light unit 
may be copied from Fig. 9. 

Connect the unit to the mains adap- 


ве GENERAL INTEREST 
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Fig. 9. Suggested front panel design. 











Fig. 10. The sound-to-light unit is connected 
to the TV set via a ready-made SCART cable. 


tor, taking good care to observe the po- 
larity of the d.c. supply voltage. The 
circuit is protected against reverse 
supply voltages by diode 1313. If every- 
thing is in order, the ‘power’ LED 
should light after connecting the mains 


SCART 
connector 1 


SCART 
connector 2 





Fig. 11. 


adaptor. 

Next, connect the circuit to the TV 
set via ready-made SCART cable 
(Fig. 10). The pinning of the SCART 
plugs on the cable, and that of the 
socket on the TV, is shown in Fig. 11. 
Also connect the microphone, or the 
line input signal. 

Switch the TV to external A/V, and 
adjust the input sensitivity of the 
sound-to-light unit until the desired vi- 
sual effect is achieved. 


Some experiments 


A few suggestions are given for those of 
you who wish to adapt the circuit to 
personal requirements. The response 
of the circuit to changes in the input 
signal may be speeded up by decreas- 
ing the values of capacitors Сул, Cie 
and Cis. Note, however, that this 
causes a slightly blurred picture, and 
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Want to make a SCART cable yourself? Here are the plug and socket connections. 


unclear colour transitions. Similarly, 
the response of the circuit is slowed 
down by increasing the values of the 
above capacitors. 

The ‘low’ frequency limit of the filter 
in the unit may be lowered by changing 
Кв and Е into, for instance, 220 КО, 
and Rjg into 100 КО. This modification 
causes the circuit to respond stronger 
to the lowest frequency components, 
and less to high-frequency compo- 
nents. To achieve a better separation of 
the low, middle and high components, 
the value of Rjg may be lowered to 
22 KQ, while Cg is changed into 22 nF. 

и 
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Books from Elektor Electronics (Publishing) 


The following books are currently available: 


301 Circuits 

302 Circuits 

303 Circuits 

304 Circuits 

305 Circuits (published in April 1994) 
SMT Projects 

Microprocessor Data Book 
Data Sheet Book 2 

Data Book 3: Peripheral Chips 
Data Book 4: Peripheral Chips 
Data Book 5: Application Notes 


How to order: 

UK and Overseas private customers (NOT 
in USA and Canada) from: 

Elektor Electronics (Publishing) 

РО Вох 1414 Dorchester, England DT2 8YH 
Telephone (0305) 250 995 

Fax: (0305) 250 996 


UK and Overseas bookshops, schools, 
colleges, universities and bulk orders 


SWITCHBOARD 





FOR SALE. Cheap component packs. Send 
SAE for list to A. Tearle, 5 Springfield Close, 
Ramsgate, Kent CT11 7BQ. 


WANTED. Manuals/information on Zortech 
С++ compiler/workbench/debugger, etc. Please 
ring (0255) 473 547. 


FOR SALE. Range of components, incl. 8051 
micros, steppers, PSUs, etc, at very low cost. 
Please ring (0533) 537 269. 


WANTED. Elektor Electronics Feb, Mar, Apr 
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£9.95 

£9.95 
£10.95 
£12.95 
£14.95 
£ 9.95 
£10.95 

£9.95 
£10.95 
£10.95 
£1095 


$14.50 
$14.50 
$17.90 
$23.95 
$27.70 
$14.50 
$19.90 
$18.50 
$19.95 
$19.95 
$19.95 


(NOT in USA and Canada) from: 
Gazelle Book Services Ltd 

Falcon House, Queen Square, Lancaster, 
England LA1 IRN 

Telephone (0524) 68765 

Fax: (0524) 63232 


USA and Canada ONLY from: 
Old Colony Sound -- please see order form 
on page 71 for details 


1990, Feb, Mar, May 1991, Mar, July/Aug 1992. 
Ring Tony on (0458) 831 444. 


FOR SALE. Voltage, current monitors; data log- 
ging on site or remote; can be used for almost 
anything. Also remote datalogger 32 inputs; will 
run off car battery; incl. software £ 80.Ring 
Robin on (0268) 524 968. 


FOR SALE. Comtronics 1.2 m dish c/w polar 
mountandstand: £ 150. Also 90 cm fixed £ 40. 
Please call (0727) 833 839. 


FOR SALE. All LF150A power amp PCBs 
complete (cannotfaultfind). Any reasonable offer 
accepted. Ring 091 528 3122. 


WANTED. Sage Supermos 1/2 amplifier mod- 
ules in very good working order. Please phone 
Jonathan on (0384) 296 823 after 7 p.m. 


WANTED. Elektor Formant synthesizer, work- 
ing or not and boards and front panels, PSU, 
etc.to complete my project. Please ring (0726) 
66715. 


WANTED. Coherent CW info & circuits for 
novice. Please write to Owen Kilgour, ZL3TOW, 
Okari Road, Westport RD2, New Zealand. 


FOR SALE. 5000 Series Tectronix storage 
scope, dual beam, dual time base, instruction 
and service manuals, £ 180. Ring Paul on 
(0562) 753 809. 


HELP neededto solve problem with Elektor plot- 
ter: it will not work with 486 computer but works 


VOUCHER 


This voucher (original only; no 
photocopies accepted) entitles the 
holder to 7/,% discount on the 
purchase price of any Elektor 
Electronics book listed in the adjacent 
box. Two vouchers qualify for 1596 
discount and three for 30%. 
More vouchers will be published in 
forthcoming issues of 
Elektor Electronics 





OK with 386 SX. Kaj Larsen, Gyvelvej 33, 
D-9560 Hadsund, Denmark. 


FOR SALE. PicPro PIC programmer, £ 50 
ono. Phone Mike on (0285) 712 570. 


Send this coupon to 
Elektor Electronics (Publishing) 
РО. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 
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Name and address MUST be given 





ELECTRONICS SCENE 


Surface mount crystal from IQD 
International Quartz Devices (IQD) has avail- 
able a surface mount version of the popular 
HC49/4H crystal. Designated the HC49 
/AHSMX, the new version has a footprint of 
only 4.9x13.4 mm and is 4.3 mm high. 
IQD Ltd, Crewkerne, Somerset TA18 7AR, 
England. Telephone (0460) 77155. 


Embedded controller handbook 
Microchip’s new Embedded Controller 
Handbook is packed with ideas and advice 
for system designers and application pro- 
grammers. It contains almost a thousand 
pages of technical reference material and 
covers the whole range of Microchip’s 
PIC16/17 8-bit microcontrollers and spe- 
ciality non-volatile memory products. 
Arizona Microchip Technology Ltd, 
Unit 3, The Courtyard, Meadowbank, 
Furlong Road, Bourne End 51.8 SAJ, 
England. Telephone (0628) 850 303. 


Statek franchise for ACT 

Quartz crystal manufacturer and distributor 
ACT (Advanced Crystal Technology) has 
signed a franchise agreement with the spe- 
cialist quartz crystal firm, Statek Inc. of 
Orange, California. 

ACT, 9 Kingfisher Court, Hambridge 
Road, Newbury RG14 553, England. 
Telephone (0635) 528 520. 


Good for Europe? 

The Japanese government is about to aban- 
don Japan's analogue high-definition television 
system, which lags behind America's digi- 
tal technology despite decades of develop- 
ment. This decision makes it probable that 
a worldwide HDTV standard based on 
America's may at last emerge. If so, a sigh 
of relief will be heard in the larger part of the 
world—particularly in the corridors of 
Thomson and Philips,both members of the 
US associasion of HDTV manufacturers. 

Nevertheless, Europe will lose out on 
some aspects, because, although both the 
US and Europe have chosen MPEG com- 
pression, the US has opted for vestigial side- 
band (VSB). The European 'standard' for dig- 
ital TV is quadrature amplitude modulation. 
However, this should not matter much since 
the European mass market for HDTV equip- 
mentis not likely to come about until the early 
part of the next century. 


Apple at the top 
Dataquest, the influential US analyst firm, 
has announced that Apple Computer Inc. was 
thelargest PC maker in the USA in 1993, just 
ahead of rivals IBM and Compaq. Apple 
gained 14.1% of the market, IBM 13.9% and 
Compaq 10%. 


Eighth North Wales 
Radio & Electronics Show 

The Eighth North Wales R&E Show will be 
held on 5 and 6 November 1994 at the Aber- 
conwy Conference Centre & The New Theatre, 
Llandudno. The Show opens at 10.00 a.m. 
both days. Entrance fee £ 1.50; under the 
age of 14 admission is FREE. 
North Wales Radio Rally Club, Anncott, 
Hylas Lane, Rhuddlan, Clwyd LL185AG. 
Telephone/fax (0745) 591 704. 


Emulation support for 
embedded 80386CX/EX 
German in-circuit emulator manufacturer 
Hitex (see advert on p. 36) have announced 
the first full in-circuit emulators for the new 
Intel 80386CX/EX embedded micropro- 
cessors. Using the existing PC-based 
Т32/3865Х emulator as a base, the CX ver- 
sion allows true in-circuit emulation of the 
CPU upto 20MHz (25 MHz to special order) 

in both 100PQFP and MQFP packages. 

A comprehensive information pack is 
available from Hitex covering all 80386 fam- 
ily development tools. 

Hitex (UK) Ltd, Sir William Lyons Road, 
Science Park, Coventry CV4 7EZ, 
England. Telephone (0203) 692 066. 


SpiceAge 3 for Windows 
V3ofSpiceAge for Windows gives an order 
of magnitude of speed rise for logic simula- 
tion over SpiceAge 2, previously believed to 
be the fastest analogue simulator of its type 
available. V3 benchmarks at 9 s on the dig- 
ital test compared with 120 s on V2. Speed 
gains are also apparent onm some analogue 
circuits. 

To support this, a new 32-channel logic 
analyser display is available, more digital mod- 
els are provided and input signal bus struc- 
tures are supported. The Zetex SPICE li- 
brary of analogue semiconductor models is 
shipped with V3 and the analogue side is 
further expanded by a brand new oppera- 
tional amplifier especially developed to ex- 
ploit the linear extrapolation pragmas pro- 
vided in SpiceAge's polynomial functions. 
Notonly is this topology more accurate than 
many SPICE models butis faster to analyse. 
Those Engineers Ltd, 31 Birkbeck Road, 
London NW7 4BP, England. Telephone 
081 906 0155. (See also advert on p. 59). 


New autorouter from ULTImate 
ULTImate's new Ripup & Retry Autorouter, 
the ULTIroute GXR, a Windows-based prod- 
uct, is a sophisticated autorouter offering 
very high completion rates whilst remaining 
user interactive and friendly. ULTIroute 
GXR gives the user control over cost factors 
and strategies, allowing him to influence the 
behaviour of the router and therefore customise 
the router to his type of designs. 


There are also new versions (4.50) of 
ULTIboard and (1.50) ULTIcap. Both are 
now 32 bit using a Windows com pliant DOS 
extender. 

ULTIboard, the first PCB design package 
to benefit from Real Time Design rule check- 
ing has been enhanced with powerful Trace 
Shove and Polygon features. 

ULTIcap offers several powewrful auto- 
matic features thatreduce editing time, in clud- 
ing Autowire, Auto Snap to Pin, Auto Junction 
and Real Time Electrical Rule Checking. 
ULTImate Technology (UK) Ltd, 2 Bacchus 
House, Calleva Park, Aldermaston 
RG7 4QW, England. Telephone (0734) 
812 030. (See inside front cover). 


New from Maplin 

A combined clock and thermometer, with 
an outdoor temperature probe, that can dis- 
play either °С ог°Е. The LCD alternates be- 
tween time and temperature readings at three 
second intervals. The unit, type-coded 817773, 
measures 68x52x16 mm, and is priced at 
£ 9-95 (incl. VAT). 

Arangeof high power speakers, specially 
designed for use in cars. Power rating from 
50 W to 200 W. Prices range from $ 34-95 to 
$ 149-95 each (incl. VAT). 

The Fox Wireless Home Alarm has been 
specially designed to help protect the home 
or office without spoiling the decoration 
with yards of ugly wiring. Because there is 
no wiring between the intrusion detectors 
and the control panel, the system can be eas- 
ily installed by anyone with average DIY 
skills. Price £ 99-99 (incl. VAT). 

The Auto-inflating digital blood pres- 
sure monitor is an easy to use, digital, blood 
pressure tester designed to remove the com- 
plexities of measuring blood pressure and pulse 
rate, particularly for those who are not familiar 
with the technique. Price £ 74-95 (incl. VAT). 
Maplin Electronics, Р.О. Box 3, Rayleigh 
SS68LR, England. Phone (0702) 552 911. 


Z-Match for Windows 

The paper Smith Chart, invented over 50 
years ago provides a graphical method for solv- 
ing impedance matching and transmission line 
problems. Number One Systems' new Z-Match 
for Windows program greatly enhances the 
usefulness and accuracy of Smith Chart tech- 
niques, and adds a wide range of valuable Radio 
Frequency Engineering utilities. 

An immediately apparent advantage of 
Z-Match for Windows is that it works di- 
rectly with actual lengths of transmission 
line and actual resistance and reactance values, 
eliminating the need for normalisation. 

Z-Match for Windows displays impedance 
values produced by Analyser III, Number One 
Systems' simulation tool for analogue cir- 
cuits. In combination, these packages cover 
the vast majority of design and analysis prob- 
lems likely to be faced by engineers and stu- 
dents working at RF. 

Number One Systems, Harding Way, 
St. Ives, Huntingdon, England. Telephone 
(0480) 461 778. (See also p. 4) 
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LETTERS 


Dear Editor—I have found that the BFX36 
used in the ‘100 W high-end power ampli- 
fier' (March 1994) is nolongeravailable. In 
fact, I was told that production of this device 
was discontinued in 1991. This does not 
seem in line with your recently stated pol- 
icy of trying to only publish designs for 
which the components are actually avail- 
able. Would the designer please give advice 
on component values for the amplifier input 
stage using more readily available transis- 
tors, such as the ZTX851, ZTX951. I ap- 
preciate that the amplifier performance may 
not be quite as good with discrete transistors, 
but it would at least allow the design to be 
built. I have built a number of your projects 
in the past which I have always found to be 
very good and I find it annoying that I can- 
not build this amplifier to go with them. 
Simon Platt, Bedford 


We are aware of the problems regarding 
availability of the BFX36. Although the de- 
vice is obsolescent, stocks are still available 
here and there, more particularly from one 
of our advertisers, C-1 Electronics, P.O. Box 
22089, 6360 AB Nuth, the Netherlands. Fax 
+31 45 241 877. In fact, the BF X36 and its 
complement, the 2N2914, are listed in C-I's 
advert on p. 33 of our March 1994 issue. 

Our Central Design Department are ex- 
amining the specifications of several possi- 
ble replacements for the BFX36/2N2914. 
When suitable types have been found, the 
relevant update information will be pub- 
lished in this magazine. 


Dear Editor—I have just completed the con- 
struction of the ‘Digital dial’ described in 
the January 1994 issue. May I relate some quite 
interesting matters that arose during con- 
struction and testing? 

My mistake (discovered after two days) 
was to use a 74HC4060 instead of the spec- 
ified 4060. I only did this because I hap- 
pened to have the 74 version and not a 4060. 
It does not work! Idon‘t know why. They аге 
supposed to be compatible. After the change, 


COMPONENT RATINGS 


Inresistor and capacitor values, decimal points 

and large numbers of zeros are avoided wher- 
ever possible. Small and large values are usu- 
ally abbreviated as follows: 


p(pico) =10-: 
п (папо-) =10-9 
и (тісго-) = 10-6 
m(milli-) = 10-3 
k(kilo) = 103 
М (mega-) = 106 
С (ріва-) = 109 


Note that nano-farad (nF) is the international 
way of writing 1000 pF or 0.001 uF. 
Resistors аге 1/3 watt, 5% metal film types un- 
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the ‘dial’ worked really well. 

I have fitted it to my AR88LF. The dis- 
play is fittted behind the ‘window’ on the front 
panel which should contain an ‘S’ meter. 
The rest is in a box resting on the IF trans- 
formers. I tried to use the 6.3 V heater supply, 
as that is available at the dial light, but I 
could not get a suitable transformer. In the 
end, I put a mains transformer in the box 
with the rest of the components. 

If any of your readers have in mind mak- 
ing a ‘Digital Dial’ for their AR88, I can let 
them have details of an easy way of obtain- 
ing the LO feed without any soldering or up- 
ending the receiver (which must weigh a 
good 25 kg). 

One feature of the ‘dial’ I should mention 
is that the three horizontal bars of the first 
digit in the display do not attain full bril- 
liance. Perhaps this is duc to all being fed from 
the same pin of the 4543? No great disad- 
vantage, but can this be overcome? 

On a completely different tack, I was 
asked the other day what SCART stood for. 
1 donot know – do you? Is it an acronym or 
what is it (apart from a standard socket for 
computers)? 

C.E.H. Benson, Warrington. 


Thanks for your letter, which we feel sure will 
be of interest to many other readers. 

The matter of the brilliance of the first three 
horizontal bars has been referred to the de- 
signer. As soon as his answer is to hand, we 
will write to you. 

SCART is an acronym of Syndicat des 
Constructeurs d’ Appareils Radiorécepteurs 
et Téléviseurs, the French association of 
radio and television manufacturers. This as- 
sociation decided in the early 1980s to ter- 
minate various inputs to, and outputs from, 
TV receivers into a 21-way socket, which 
has since become a European standard. 


Dear Editor—I read with interest your article 
on the SCMS inhibitor for DAT machines 
(Copybit Eliminator — February 1994). I 
would like to make this unit for use between 
two Sony Portable DATs, i.e., the D3 and D7 
machines. A separate box would be required 
with either coax or fibre optic connectors. 


less otherwise specified. 


The direct working voltage of capacitors (other 
than electrolytic or tantalum types) is assumed 
to be 260 V. As а rule of thumb, a safe value 
is about 2x direct supply voltage. 


Direct test voltages are measured with a20kQ/V 
meter unless otherwise specified. 


Mains (power line) voltages are not listed in the 
articles. Itis assumed thatourreaders know what 
voltage is standard in their part of the world. 


Readers in countries that use 60 Hz supplies, 
should note that our circuits are usually designed 
for 50 Hz. This will not normally cause prob- 
lems, although if the mains frequency is used 
for synchronization, some modification may 


Тат a musician, not a technical person, 
butI can use asoldering iron, so any help you 
can give me would be gratefully appreci- 
ated. I presume any components required 
can be purchased from Maplin or any other 
such supplier. 

G. Drucquer, Frimley Green. 


We are currently working on a stand-alone 
version, i.e, one that can be inserted between 
two DAT recorders as you require. We plan 
to publishthe relevant article in our July/August 
1994 issue. Briefly, the design will consist of 
the 'Digital audio enhancer' (February 
1993) in slightly modified form, the 'Copybit 
eliminator’, and a small add-on board. АЙ 
this is, however, tentative and willdepend on 
the testsour design department are currently 
carrying out proving successful. 


Dear Editor—I have sent for the PIC pro- 
grammer project that appeared in the March 
1994 issue of your magazine and in the article 
eight 499 КО 1% resistors are needed. I have 
looked in various catalogues and TV and 
electronics magazines and I cannot find a source 
for such components. Please could you tell 
me where I could find them. 

Why didn’t you use presets or if these 
were not accurate enough, why didn't you use 
multiturn presets. 

Have you have ever considered having full 
kits (incl. all components) for your projects. 
M. McCabe, Redcar 


Precision 196, and even 0.1%, resistors are 
available from specialist audio/hi-fi com- 
ponent retailers. You may, for instance, try 
Viewcom—see pages 8 & 9 of our March 
and April 1994 issues. Complete kits are 
available from C-I Electronics—see the ad- 
vert on p.33 of our April 1994 issue. 

Presets cannot be expected to give any- 
where near the same performance as preci- 
sion resistors, but we have, nevertheless, 
passed your query to the designer. 

As international book/magazine pub- 
lishers, we cannot go into the specialist elec- 
tronics trade, but leave this to the experts: 
our advertisers and other electronic component 
retailers. 


be required. 


The international letter symbol" (7 is used for 
voltage instead of the ambiguous ‘У’. The let- 
ter V is reserved for ‘volts’. 


The size of a metric bolt or screw is defined 
by the letter M followed by a number corre- 
sponding to the overall diameter of the thread 
in mm, the x sign and the length of the bolt or 
screw, also in mm. For instance, an M4x6 bolt 
has a thread diameter of 4 mm and a length of 
6 mm. The overall diameter of the thread in 
the BA sizes is: 0 ВА = 6.12 mm; 2 BA = 
4.78 mm; 4 BA=3.68 mm; 6 BA = 2.85 mm; 
8 BA =2.25 mm. 


0 
READERS SERVICES 


Except in the USA and Canada, all orders, except for 
subscriptions and past issues (for which see below), 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial and administrative office. 
Readers in the USA and Canada should send orders, 
except for subscriptions (for which see below), to Old 
Colony Sound Lab, Peterborough, whose full address 
is given on the order form opposite. Please include 
shipping cost according to total order value. For sur- 
face delivery in the USA, if order is less than $50, in- 
clude $3; $50+, $4. For Canada surface, if less than 
US$50, include US$5; US$50+, US$7.50. For air or 
other deliveries, please inquire. Please allow 4-6 
weeks for delivery. 

All other customers must add postage and packing 
charges for orders up to £25.00 as follows: UK and 
Eire £1.95; surface mail outside UK £2.45; Europe 
(airmail) £2.95; outside Europe (airmail) £3.70. For or- 
ders over £25.00, but not exceeding £100.00, these 
p&p charges should be doubled. For orders over 
£100.00 in value, p&p charges will be advised. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be 
ordered from Worldwide Subscription Service Ltd, Unit 
4, Gibbs Reed Farm, Pashley Road, TICEHURST TNS 
7HE, England. For subscriptions, use the order form 
on the opposite page. Prices of past issues (except 
July/August and December), including postage for sin- 
gle copies, are £2.70 (UK and Eire); £3.00 (surface 
mail outside UK); £3.20 (air mail Europe); £3.95 (air- 
mail outside Europe). Prices of past July/August and 
December issues, including postage for single copies, 
are £3.75 (UK); £4.00 (surface mail outside UK); £4.25 
(airmail Europe); and £5.00 (airmail outside Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.95 (UK and Eire), 
£2.10 (surface mail outside UK), £2.45 (airmail 
Europe), or £2.70 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered from 
our editorial and administrative offices. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. It should be noted that the 
source(s) given is (are) not exclusive — other suppli- 
ers may also be able to help. 


[өгө] <>) 


For book availability, see advertisement on page 67. 


SHELF BOX 


| 


Elektor Electronics shelf box ........... ©2.95...........- $6.00 
PROJECT No. Price Price 
(£) (US$) 
Timecode interface 910055-F 8.80 17.60 
Digital function 
generator 910077-F 10.60 21.20 
4-Megabyte printer 
buffer 910110-F 11.45 22.90 
FM tuner 920005-F 13.20 26.40 
4MB printer buffer card 920009-F 8.25 16.50 
LC meter 920012-F 11.45 22.90 
Guitar tuner 920033-F 8.80 17.60 
NICAM decoder 920035-F 8.25 16.50 
12VDC to 240VAC 
inverter 920038-F 16.15 32.30 
Audio DAC 920063-F 10.00 20.00 
Dig. audio/visual system 920022-F1 10.00 20.00 
920022-F2 19.40 38.80 
920022-F3 28.80 57.60 
1.2 GHz multifunction 
frequency meter 920095-F 13.80 27.60 
U2400B NiCd battery 
charger 920098-F 8.75 17.50 
Workbench PSU 930033-F 17.00 34.00 





Inexpensive phase meter 930046-F 17.25 34.50 
Mini preamplifier 930106-F Not available 
AF rms voltmeter 930108-F 17.25 34.50 


EPROMS / PALS / MICROCONTROLLERS 


Amiga mouse/joystick 


switch (1 x GAL 16V8) 6001 8.25 16.50 
4-Megabyte printer buffer 

(1 x 2764) 6041 15.30 30.60 
8751 emulator 

incl. system disk (MSDOS) 6051 29.40 58.80 
Connect 4 (1 x 27C64) 6081 15.30 30.60 
ЕМОМ51 (8051 assembler 

course) (1x 27256+disk 1661) 6061 20.00 40.00 
ЕМОМ51 (8051 assembler 

course) (1 x 27256+disk 1681) 6091 20.00 40.00 
FM tuner (1 x 27C256) 6101 15.30 30.60 
Multi-purpose Z80 card: 

GAL set (2 x GAL 16V8) 6111 11.15 22.30 
Multi-purpose 260 card: 

BIOS (1 x EPROM 27128) 6121 15.30 30.60 
1.2 GHz multifunction 

frequency meter(1 х 27C256) 6141 11.45 22.90 
Digital audio/visual system 

(1 x 27C256) 6171 10.30 20.60 
TV test pattern generator 

(1 x 27256) 6151 13.00 26.00 
DiAV system. Package: 

1x27512; 2x GAL; 1 x 

floppy disk (MSDOS) 6181 30.50 61.00 
PAL test pattern generator 

(1 x GAL 20V8-25) 6211 9.40 18.60 
80C535 assembler course 

(1 x ЕМОМ52 EPROM and 

1 x disk 1811) 6221 17.05 34.10 
Watt-hour meter (1x 27256) 6241 10.00 20.00 
Four fold DAC (1 x GAL) 6251 10.75 21.50 
Multipurpose display decoder 

(1 x 2764) 6261 11.50 23.00 
Telephone-controlled switch 

(1x 2764) 6271 14.50 29.00 
Relative humidity meter 

(1x 2764) 6301 14.50 29.00 
535 card w. EPROM emulator 

(1 x PAL; 1 x GAL) 6311 26.00 52.00 
Copybit eliminator (1 x GAL 

16V8 and 1 x MACH110) 6321 42.25 84.50 
RDS decoder (1 x 27C64) 6331 14.50 29.00 
12С tester (1 x GAL 6001) 6341 30.75 61.50 
Mains signalling system 

(1x 27C64) 6371 13.25 26.50 
8751 programmer (1 х 8751) 7061 46.40 92.80 
Microcontroller NiCd charger 

(1 x ST62E15) 7071 10.00 20.00 
Maxi micro clock (clock) 7081 11.50 23.00 
Maxi micro clock (darkroom timer) 7091 11.50 23.00 
Maxi micro clock (cooking timer) 7101 11.50 23.00 
Mini micro clock (clock) 7111 11.50 23.00 
Mini micro clock (darkroom timer) 7121 11.50 23.00 
Mini micro clock (cooking timer) 7131 11.50 23.00 
VHF/UHF TV tuner 

(1 x 87C51) 7141 25.75 51.50 
Microntroller-driven UART 

(1 x ST62T10) 7151 17.25 34.50 
PIC programmer 

(1 x PIC17C42 and 1 x disk) 7161 50.00 100.00 


DISKETTES 


Plotter driver (D. Sijtsma) 1541 11.15 22.30 
МО interface for Atari 1571 7.65 15.30 
Tek/Intel file converter 1581 7.65 15.30 
B/W video digitizer 1591 11.15 22.30 
Timecode interface 1611 7.65 15.30 
RTC for Atari ST 1621 7.65 15.30 
24-bit colour extension 

for video digitizer 1631 11.15 22.30 
PC controlled weather 

station - 3 (Supersedes 

disks 1551 and 1561) 1641 7.65 15.30 
8051/8032 Assembler course 

(IBM version) 1661 7.65 15.30 
8051/8032 Assembler 

course (Atari version) (3.5”) 1681 7.65 15.30 
AD232 converter 1691 7.65 15.30 


GAL programmer (3 disks; 


А list of all PCBs, software products and front panels available through the Readers Services is 


published in the March, June, September and December issues of Elektor Electronics. 





upgrade: June 1993) 1701 11.15 22.30 
Multi-purpose Z80 card 1711 7.65 15.30 
Fuzzy Control One 1721 7.75 15.50 
Pascal library for MMC 1751 9.70 19.40 
Speech/sound memory 1771 7.65 15.30 
PC-aided transistor tester 1781 7.50 15.00 
IR receiver and DTMF decoder 

for 80C32 SBC 1791 9.00 18.00 
80C535 assembler course 1811 8.80 17.60 
12С opto/relay card 1821 7.65 15.30 
Video digitizer for PCs 1831 14.50 29.00 
GAL programmer for Amiga 1841 11.00 22.00 
I2C alphanumerical display 1851 8.50 17.00 
Philips preamplifier 1861 8.50 17.00 
GAL programmer (excl. Opal 

Jr. disks) 1881 10.75 21.50 
Precision clock for PCs 1871 8.50 17.00 
X2404-to-8751 interfacing 1891 8.50 17.00 
Mains signalling system 1911 9.75 19.50 
SIM — an 8051 simulator 1931 34.25 68.50 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
+ sign are only available in combination with the as- 


sociated software item, and can not be supplied sepa- 
rately. The indicated price includes the software. 





JANUARY 1994 


Digital dial 920161 12.75 25.50 
RDS decoder 

incl. EPROM (6331) 930121+ 23.75 51.50 
I?C tester 

incl. GAL (6341) 9301284 36.25 72.50 
Telephone-controlled switch 

incl. EPROM (6271) 934054+ 37.25 74.50 
FEBRUARY 1994 

80C535 single-board 

computer 924046 14.10 28.20 
Copybit eliminator 

incl. MACH and GAL 930098+ 46.25 92.50 
Mini preamplifier 930106 29.25 58.50 
Bidirectional RS232-to- 

Centronics converter 930134 14.00 28.00 


24 cm FM ATV transmitter PCB available from author 


MARCH 1994 

PIC programmer 

incl. software set 7161 940048+ 64.75 129.50 
100W AF amplifier 

- adaptor board 930039 8.25 16.50 
- amplifier board 920135-1 19.40 38.80 
- protection board 920135-2 7.95 15.90 
Mini I/O card for Casio 

FX850/880P 930090 Not available 
AF signal tracer 940006 Not available 
Electronic fuse 936071 Not available 
APRIL 1994 

Mains signalling system - 1 

(receiver) 940021-1 10.25 20.50 
68HC11 processor board 930123 7.75 15.50 
RS232 speedometer 930119 Мої available 
Stroboscope light 940022 Not available 
Headphones amplifier 940016 18.75 37.50 
Halogen light dimmer 940034 Not available 
RS232 interface for 

universal bus 924048 Not available 
MAY 1994 

Diffferential probe for 

oscilloscopes 940018 7.75 15.50 


Mains signalling system - 2 
(transmitter) (incl. disk 
1911 and EPROM 6371) 
Morse decoder 
General-pupose sensor 
monitor 

TV sound to light unit 


940021-2+ 33.25 66.50 
contact Velleman distributor 


916107 
936038 


Not available 
Not available 
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International Subscription Service 


Please enter my subscription to Elektor Electronics 
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TERMS OF BUSINESS 


HOW TO PAY 

Unless you have an approved credit account 
with us, all orders must be accompanied by 
the full payment, including postage and pack- 
ing charges as stated on page 70, section 1. 

Payment may be made by cheque drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card, the order must go to the card- 
holder’s address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to ‘Elektor Electronics 
(Publishing)’. 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account №. 34 152 3801 by com- 
pleting and sending to the National Giro Centre, 
in a National Giro postage paid envelope, a 
National Giro transfer/deposit form. Do not send 
Giro transfers direct to us, as this will delay your 
order. 

If you live outside the UK, payment may 
also be made by Bankers’ sterling draft drawn 
on a London clearing bank, Eurocheque made 
out in pounds sterling (with holder's guaran- 
tee card number written on the back), or US or 
Canadian dollar cheque, but such cheques, ac- 
cepted at the exchange rate prevailing at the time 
your order is received, must be increased by 
the equivalent of £15.00 to cover our bankers’ 
negotiating fee. 

If you pay by Bankers’ sterling draft, make 
clear to the issuing bank that your full name 
and address MUST be communicated to the 
London clearing bank. 

Our bankers are National Westminster 
Bank PLC, 100 High Street, BRENTFORD 


Annual subscription rates (1994) 


ТУ 8AY, England. Our account number is 
4285 0134. 


DELIVERY 
Although every effort will be made to dispatch 
your order within 2—3 weeks from receipt of your 
instructions, we can not guarantee this time scale 
for all orders. 


RETURNS 

Faulty goods or goods sent in error may be re- 
turned for replacement or correction, but not 
before obtaining our consent. All goods re- 
turned should be packed securely in a padded 
bag or box, enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part, we 
will refund the return postage. Goods returned 
for refund must be in resaleable condition and 
will be subject to a 10% handling charge with 
а minimum charge of $2.50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (all other countries) 
from the date on our “Recorded Delivery” slip. 


CANCELLED ORDERS 

All cancelled orders will be subject to a 10% 
handling charge with a minimum charge of 
#2:50. 


РАТЕМТЅ 

Patent protection may exist in respect of circuits, 
devices, components, and so on, described in 
our books or magazines. Elektor Electronics 
(Publishing) do not accept responsibility or li- 


only may pay in $US cheques. 


ability for failing to identify such patent or 
other protection. 


COPYRIGHT 
Alldrawings, photographs, articles, printed-cir- 
cuit boards, EPROMs, and cassettes published in 
our books or magazines (other than in third-party 
advertisements) are copyright and may not be 
reproduced or transmitted in any form or by 
any means, including photocopying and record- 
ing, in whole or in part, without the prior per- 
mission of Elektor Electronics (Publishing) in 
writing. Such written permission must also be 
obtained before any part of these publications 
is stored in a retrieval system of any nature. 
Nothwithstanding the above, printed-circuit 
boards may be produced for private and personal 
use without prior permission. 


LIMITATION OF LIABILITY 

Elektor Electronics (Publishing) shall not be 
liable in contract, tort, or otherwise, for any 
loss or damage suffered by the purchaser what- 
soever or howsoever arising out of, or in con- 
nexion with, the supply of goods or services by 
Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
Elektor Electronics (Publishing), to refund the 
purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics (Publishing) 
shall be determined in all respects by the laws 
of England. 

May 1994 


United Kingdom £27-00 
Rest of the world (surface mail) £33.00 
AIRMAIL 

Europe & Eire £34.00 
USA & Canada $57.00 
Middle East & North Africa £43-00 
Central & southern Africa £43.00 
Central & South America £43.00 
Australia & New Zealand £45.00 
Far East & South Pacific regions £45.00 


Payment may be made by cheque in sterling drawn 
on a London clearing bank (but see below), postal 
Order, VISA, ACCESS, MASTERCARD Or EUROCARD (in which 
case the subscription must be sent to the cardholder's ad- 
dress) or by direct transfer to our Giro Account no. 34 
152 3801. Do not send cash through the mail. Cheques 
and postal orders should be made payable to *Elektor 
Electronics Publishing’. Giro transfers should be made by 
completing and sending the appropriate transfer/deposit 
form to the National Giro Centre (UK) or to your national 
Giro Centre. 

If you live outside the United Kingdom, payment may 
also be made by Bankers’ sterling draft drawn on a London 
clearing bank or Eurocheque. Eurocheques should be 
made out in pounds sterling and have the holder's guar- 
antee card number written on the back. 


US dollar cheques. Subscribers in the USA and Canada 


Thestandard subscription order period is twelve months. 
If a permanent change of address during your subscrip- 
tion period means that copies have to be dispatched by a 
more expensive service, no extra charge will be made. 
Similarly, no refund will be made, norexpiry date extended, 
if a change of address allows the use of a cheaper service. 


Student applications, which qualify for a 1096 (ten per 
cent) reduction in current rates, must be supported by ev- 
idence of studentship signed by the head of the college, 
school or university faculty. 


Please note that new subscriptions take about four weeks 
from receipt of order to become effective. 


Cancelled subscriptions will be subject to a charge of 
25% (twenty-five per cent) of the full subscription price or 
£7.50, whichever is the higher, plus the cost of any issues 
already dispatched. Subscriptions cannot be cancelled after 
they have run for six months or more. 


Our bankers are National Westminster Bank PLC, Sorting 
Code 60-03-23, 100 High Street, Brentford TW8 8AY, 
England. Our account number is 4285 0134. 
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THE ORIGINAL SURPLUS WONDERLAND! 


LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE 


8088 XT - PC99 


. Factory burnt-in 


* Standard 84 key 
keyboard 


* 12" green screen 
inclüded 


* In good used condition 


* 256k RAM - expan able 
to 640k 


* 4.7 Mhz speed 
* 360k 5-1/4" floppy 


Optional FITTED extras: 640K RAM £39. 12" CGA colour 
monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20 
mbyte MFM hard drive £99. 


ому 99 00. 


FLOPPY DISK DRIVES 
514" from £22.95 - 312" from £21.95! 


Massive purchases of standard 51/4" and 31/2” drives enables us 
to present prime product at industry beating low prices! All units 
(unless stated) are removed from often brand new equipment 
and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of stand- 
ard size. All are IBM-PC compatible (if 312" supported). 
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop — £29.95(B) 
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B 
360K. Absolutely standard fits most computers £22.95(B) 
* Data cable included in price. 

Shugart 800/801 SS refurbished & tested 
Shugart 851 double sided refurbished & tested £275.00(E) 
Mitsubishi M2894-63 double sided switchable 

hard or soft sectors- BRAND NEW £250.00(E) 
Dual 8" drives with 2 mbyte capacity housed in a smart case 
with built in power supply! Ideal as exterior drives! £499.00(F) 
End of line purchase scoop! Brand new NEC D2246 8" 85 
megabyte of hard disk storage! Full CPU control and industry 
standard SMD interface. Ultra hi speed transfer and access time 
leaves the good old ST506 interface standing. In mint condition 
and comes complete with manual. Оп! 299(E) 


THE AMAZING 


Converts your colour monitor into a 
| QUALITY COLOUR ТУ! 


TV SOUND 
& VIDEO 
TUNER! 


The TELEBOX consists of an attractive fully cased mains 
powered unit, containing all electronics ready to plug into a host 
of video monitors made by manufacturers such as 
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 
PHILIPS, TATUNG, AMSTRAD and many more. The composite 
video output will also plug directly into most video recorders, 
allowing reception of TV channels not normally receivable on 
most television receivers (TELEBOX MB). Push button controls 
on the front panel allow reception of 8 fully tuneable 'ዕቨ მI UHF 
colour television or video channels. TELEBOX MB covers vir- 
tually all television frequencies VHF and UHF including the 
HYPERBAND as used by most cable TV operators. Composite 
and RGB video outputs are located on the rear panel for direct 
connection to most makes of monitor. For complete compatibility 
- even for monitors without sound - an integral 4 watt audio 
amplifier and low level Hi Fi audio output are provided as 


standard. 
Telebox ST for composite video input monitors £32.95 
Telebox STL as ST but with integral speaker £36.50 
Telebox MB аз ST with Multiband tuner VHF-UHF-Cable. 
& hyperband For overseas PAL versions state 
5.5 or 6mhz sound specification. £69.95 
Telebox RGB for analogue RGB monitors (15khz) £69.95 
Shipping code on all Teleboxes is (B) 
RGB Telebox also suitable for IBM multisync monitors with RGB 
analog and composite sync. Overseas versions VHF & UHF сай. 
ЗЕСАМ / NTSC not available. 


No Break Uninterruptable PSU’s 


Brand new and boxed 230 volts uninterruptable power supplies 
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD 


286 AT - PC286 


* 640k RAM expandable  * 2 serial & 1 parallel 
with standard SIMMS ports 


* 12 Mhz Landmark speed * MS-DOS 4.01 
* 20 meg hard disk * Co-processor socket 
* 1.2 meg 5-1/4" floppy * Enhanced 102 key 


" keyboard 
* 1.4 meg 3-1/2" floppy " 
* EGA driver on board Е ПАР Ре ar with 


BRAND NEW AND BOXED! 


only £249 00. 


The Philips 9CMO73 is suggested for the PC286 and the 
CM8873 for the PC386. Either may use the SVGA MTS-9600 
if a suitable card is installed. We can fit this at a cost of £49.00 
for the PC286 and £39.00 for the PC386. 


POWER SUPPLIES 


Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5v 35a, -5v 1.5a, «12v 4а (Ba peak), -12v 1.5a, 
+24v 4a (ба peak). ልዘ outputs fully regulated with over voltage 
protection on the +5v output. AC input selectable for 110/240 
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B) 


Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2A). 5v @ 20A. + 12v መ 1.5A. Switch mode. New. — £59.95(B) 
Astec AC-8151 40 watts. Switch mode. «5v @ 2.5a. «12v @ 
га. -12v @ 0.18. 6-1/4" x 4" x 1-3/4".New £22.95(B) 
Greendale 19ABOE 60 watts switch тоде.+5у @ 6a,t12v 6 
1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) 
Conver ልር130. 130 watt hi-grade VDE spec.Switch mode.+5v 
а 15a,-5v 8 1a,+12v 8 ба.27 x12.5x6.5cms.New. £49.95(C) 


£175.00(E) Boshert 13090.Switch mode.|deal for drives & system. +5у € ба, burns) 90 day guarantee. 15" x 14" х 12". Only ..... 


+12v @ 2.5а, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) 
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) 
Farnell G24/5S. As above but 24v @ 5a. £65.00(C) 


BBC Model B APM Boa 


£100 CASH FOR THE 
MOST NOVEL 

DEMONSTRATABLE 
APPLICATION! 


BBC Model B type computer on a board. A major purchase 
allows us to offer you the PROFESSIONAL version of the BBC 
computer at a parts only price. Used as a front end graphics 
System on large networked systems the architecture of the BBC 
board has so many similarities to the regular BBC model B that 
we are sure that with a bit of experimentation and ingenuity many 
useful applications will be found for this board!! It is supplied 
complete with a connector panel which brings all the МО to 'D' 
and ВМС type connectors - all you have to do is provide +5 and 
+ 12v DC. The APM consists of a single PCB with most major 
ic's socketed. The ic's are too numerous to list but include a 
6502, RAM and an SAA5050 teletext chip. Three 27128 
EPROMS contain the custom operating system on which we 
have no data, On application of DC power the system boots and 
provides diagnostic information on the video output. On board 
DIP switches and jumpers select the ECONET address and 
enable the four extra EPROM sockets for user software. Appx. 
dims: main board 13" x 10”. ИО board 14” x 3”. Supplied tested 
with circuit diagram, data and competition entry form. 


Only £29.95 ord for £53 (B) 


SPECIAL INTEREST 


Trio 0-18 vdc bench PSU. 30 amps. New 
Fujitsu M3041 600 LPM band printer 
DEC LS/02 CPU board 
Rhode & Schwarz SBUF TV test transmitter 
25-1000mhz. Complete with SBTF2 Modulator 
Calcomp 1036 large drum 3 pen plotter 
Thurlby LA 160B logic analyser £ 375 
1.5kw 115v 60ከ2 power source £ 950 
Anton Pillar 400 Hz 3 phase frequency converter 75Kw РОА 
Newton Derby 400 Hz 70 Kw converter POA 
Nikon PL-2 Projection lens meter/scope £750 
Sekonic SD 150H 18 channel Hybrid recorder £2000 
НР 7580A A1 8 pen high speed drum plotter £1850 
Kenwood DA-3501 CD tester, laser pickup simulator £ 350 


BRAND NEW PRINTERS 


Microline 183. NLQ 17x17 dot matrix. Full width. 


1N £100 


Motu 


£ 470 
£2950 
£ 150 


£6500 
£ 650 


£139 (D) 


386 АТ - PC386. 


* 2 meg RAM expanded 
by slots 


* 20 Mhz with 32k cache. 
Expandable to 64k 


* 40 meg hard disk 


* 2 serial & 1 parallel 
ports 


* MS-DOS 4.01 
* Co-processor socket 
* Enhanced 102 keyboard 


ა 1.2 meg 5-1/4" floppy — „ Kwik Disk Accelerator 
* УСА card installed Software - FREE 


BRAND NEW AND BOXED! 


only £425.00. 


MONITORS 


14" Forefront Model MTS-9600 SVGA 
multisync with resolution of 1024 x 768. 0.28 
pitch. "Text" switch for word processing etc. 
Overscan switch included. Ideal for the PC- 
386 or PC-286 with SVGA card added. Also 
compatibe with BBC, Amiga, Atari (including 
the monochrome high resolution mode), Ar- 
chimedes etc. In good used condition (possible minor screen 
burns). 90 day guarantee. 15" x 14" x 12". Only............. £159(E) 
14" Philips Model CM8873 УСА multisync 
with 640 x 480 resolution. CGA, EGA or 
VGA, digital/analog, switch selectable. 
Sound with volume control. There is also a 
special "Text" switch for word processing, 
spreadsheets and the like. Compatible with 
IBM PC's, Amiga, Atari (excluding the 
monochrome high resolution mode), BBC, 
Archimedes etc. Good used condition (possible minor screen 
£139(E) 
Philips 9CM073 similar (not identical) to above for EGA/CGA 
PC and compats. 640 x 350 resolution. With Text switch with 
amber or green screen selection. 14" x 12" x 13-1/2"........£99(E) 
KME 10" high definition colour monitors. Nice ። 
tight 0.28" dot pitch for superb clarity and 
modern styling. Operates from any 15.625 khz 
sync RGB video source, with RGB analog and 
composite sync such as Atari, Commodore § 
Amiga, Acorn Archimedes & BBC. Measures * : 
only 13.5" x 12" x 11". Also works as quality Tv witn our HUB 
Telebox. Good used condition. 90 day guarantee. Only..£125 (E) 
KME as above for PC EGA standard. (E) 
Brand new Centronic 14" monitor for IBM PC and compatibles 
at a lower than ever price! Completely CGA equivalent. Hi-res 
Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 
bandwidth. A super monitor in attractive style moulded case.Full 
90 day guarantee. Only ............. £129 (E) 
NEC CGA 12" IBM-PC compatible. High 
quality ex-equipment fully tested with a 90 
day guarantee. In an attractive two tone 
ribbed grey plastic case measuring 15". x 
13"W x 12'H. The front cosmetic bezel has 
been removed for contractual 
reasons. Only. £69 (E) 


20", 22" and 26" AV SPECIALS 
Superbly made UK manufacture. PIL all solid state colour 


monitors, complete with composite video & sound inputs. Attrac- 
tive teak style case. Perfect for Schools,Shops,Disco, Clubs. 
In EXCELLENT little used condition with full 90 day guarantee. 


20"....2135 22"....2155 26"....2185 (P 


CALL FOR PRICING ON NTSC VERSIONS! 


Superb Quality 6 foot 40u 
19" Rack Cabinets 


Massive Reductions 
Virtually New, Ultra Smart! 


Less Than Half Price! 


Top quality 19” rack cabinets made in UK 
by Optima Enclosures Ltd. Units feature 
designer, smoked acrylic lockable front 
door, full height lockable half louvered back 
door and removable side panels. Fully ad- 
justable internal fixing struts, ready 
punched for any configuration of equipment mounting plus ready 
mounted integral 12 way 13 amp socket switched mains distribu- 
tion strip make these racks some of the most versatile we have 
ever sold. Racks may be stacked side by side and therefore 
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1085-АНВН is 1 kva. Both have sealed lead acid batteries. МОК Hyundai НОР-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions 


are internal, MUD has them in a matching case. Times from 
interrupt are 5 and 15 minutes respectively. Complete with full 
operation manuals. MUK......£249 (F) MUD. 


Qume LetterPro 20 daisy. Qume QS-3 interface. 
Centronics 152-2 9 x 7 dot matrix. Full width. 


£39.95 (D) 
£149 (D) 


£525 (G) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width£ 99 (D) Rack2 Less side panels 


are 77-1/2"H x 32-1/2"D x 22"W. Order as: 
Rack 1 Complete with removable side panels. £275.00 (G) 


£145.00 (G) 


1992 Winter Issue of Display News now available - send large SAE - PACKED with bargains! 


-ELECTRONICS - 


ELEKTOR ELECTRONICS MAY 1994 


MAIL ORDER & OFFICES 
Open Mon-Fri 9.00-5.30 
Dept EL. 32 Biggin Way, 
Upper Norwood, 
London SE19 3XF. 


LONDON SHOP 
Open Mon-Sat 9-5.30 
Thursday till 9.00pm 
215 Whitehorse Lane, 

South Norwood, 

London, SE25. 


DISTEL © The Original 
Free dial-up database! 
1000's of items+info on line 
V21, V22 & V22 bis 


081-679-1888 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government,Universities,Schools & Local Authorities 
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)- £3.75. (B)- £5.50. (C)-£8.50. (D)-£11.50. (E)-£14.00 (F)-£18.00 (G)-Call . Scotland surcharge: сай. 
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a retum to base basis.Rights reserved to 
change prices & specifications without prior notice. Orders subject to stock. Quotations wiltingly given for higher quantities than those stated. Bulk sumlus always wanted far cash. 


ALL ENQUIRIES 


081.679.4414 


Fax- 081-679-1927 





ELEKTOR ELECTRONICS is available from, among others: 


CRICKLEWOOD 
ELECTRONICS LIMITED 
40 Cricklewood Broadway, 

London NW2 3ET 
Telephone 081 450 0995 

Fax 081 208 1441 





THE ELECTRONIC SHOP 
Electronic components, test 
equipment, telephone 
accessories, computer 
accessories, microphones, 
disco lighting, speakers, turn 
tables, mixers, meters, stylus. 
29 Hanging Ditch, 
Manchester M4 3ES, 
Telephone 061 834 1185 





GREENWELD 
27 Park Road 
Southampton SO1 3TB 
England 
Telephone (0703) 236 363 
Fax (0703) 236 307 





Advertising Standards Authority 
Badger Boards 

B K Electronics 

Bull Electrical 

Canal Bridge Audio 

Cirkit Distribution 
Cricklewood Electronics 
Display Electronics 
Elektor Electronics 

ESR Electronic Components 
Eurocom International Ltd 
Hitex (UK) Ltd 

Instrutek (UK) 

Intar Oy 

KMN Developments 
Labcenter 

Maplin Electronic Supplies 
MicroAmps 

Number One Systems Ltd 
Pico Technology Ltd 
POWERware 

Robinson Marshall 

SigCad 

Speaker Builder 

Stewart of Reading 

Suma Designs 


L.F. HANNEY 
Your electronic component 
specialist for Avon, Wilts & 
Somerset. 


77 Lower Bristol Road, Bath, 


Avon, Telephone 0225 
424811 


D.P. HOBBS (NORWICH) 
LTD 
Electronic component 
specialists. Amateur radio 
equipment. 
13 St. Benedict Street, 
Norwich NR2 4PE, 
Telephone 0603 615786 


MANCOMP 
240 Platt Lane 
Manchester M14 7BS 
England 
Telephone 061 224 1888 


OMNI ELECTRONICS 
Stock a wide range of 
electronic components. 
174 Dalkeith Road, 
Edinburgh EH16 5DX, 
Telephone 031 667 2611 


AAGE NIELSEN 
1 Sortedam Dosseringen 
DK-2200 Copenhagen, 
Denmark, 
Telephone 01 39 30 10 
Fax 031 39 05 02 





HELMHOLT ELEKTRONIK 
Farvevej 2 
DK-7600 Struer, Denmark 
Telephone 97 85 26 11 





RCE ELECTRONIC 
CENTRE 
Boulevarden 34 
DK-9000 Aalborg, Denmark 
Telephone 98 16 07 10 





VEJLE RC ELEKTRONIK 
Sdr Brogade 42 
P O Box 332 
DK-7100 Vejle, Denmark 
Telephone 75 83 25 33 


BEBEK ELECTRONICS 
Hirsimetsántie 26 
SF-15200 Lahti 11 

Finland 

Telephone (18) 33 99 46 
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Those Engineers 
Tsien (UK) Ltd 
Ultimate Technology 
Viewcom Electronics 


TABACCARIA BRITANICA 
Praca do Duque da 
Terceira 19 
1107 Lisboa, Portugal 
Telephone 932 4752 


MK KNJIGARNA 
Slovenska 29 
Ljubljana 
Slovenia 
Telephone 061 150 196 


TECHNICAL BOOKS & 
MAGAZINES 
289-299 Swanston Street 
Melbourne, Australia 3000 
Telephone 663 3951 


INEL Co. 
P.O. Box 1397 
JL. Hariang Banga No. 3 
Bandung 40116 
Indonesia 


59 

55 
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ADVERTISING SPACE 
for the June 1994 issue may be reserved 
not later than Thursday 14 April 1994 by 


Elektor Electronics (Publishing) 
Advertisement Office 
3 Crescent Terrace 
Cheltenham GL50 3PE 
England 
Telephone (0242) 510 760 
Fax (0242) 226 626 


to whom all correspondence, copy instructions 
and artwork should be addressed. 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


Design and Verify Circuits. Fast. 


Electronics Workbench* 
se Version 3 
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Analog Module includes: 

• complete control over all component values 

» ideal and real-world models for active 
components 

* resistors, capacitors, inductors, transformers, 
relays, diodes, Zener diodes, LEDs, BJTs, 
opamps, bulbs, fuses, JFETs, and MOSFETs 

• manual, time-delay, voltage-controlled and 
current-controlled switches 

• independent, voltage-controlled and current- 
controlled sources 

• multimeter 

* function generator (1 Hz to 1 GHz) 

* dual-trace oscilloscope (1 Hz to 1 GHz) 

* Bode plotter (1 mHz to 10 GHz) 

* SPICE simulation of transient and steady-state 
response 
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Digital Module includes: 

* fast simulation of ideal components 

* AND, OR, XOR, NOT, NAND and NOR gates 

* RS, JK and D flip-flops 

* LED probes, half-adders, switches and seven- 
segment displays 

• word generator (16 eight-bit words) 

* logic analyzer (eight-channel) 

* logic converter (converts among gates, truth 
table and Boolean representations) 





$ 





Complement Your Test Bench 


Here’s why Electronics Workbench belongs on your test bench: 
Wires route themselves. Connections are always perfect. And the 


simulated components and test instruments work just like the real 


thing. The instruments are indestructible and the parts bin holds 
an unlimited supply of each component. The result: thousands of 
electronics professionals and hobbyists save precious time and 
money. Over 90% would recommend it to their friends and 
colleagues. Electronics Workbench: the ideal, affordable tool to 
design and verify your analog and digital circuits before you 
breadboard. 


And now the best is even better - Electronics Workbench 
Version 3.0 is here. It simulates more and bigger circuits, and 
sets the standard for ease of use. Guaranteed! 


Features in Version 3 


* new components include JFETs, MOSFETs, 
voltage-controlled and current-controlled sources 
and manual, time-delay, voltage-controlled and 
current-controlled switches 

*realworld models for opamps, BJTs, JFETs, 
MOSFETs and diodes - over 100 models available 

* MS-DOS version now supports up to 16 MB of 
RAM for simulation of bigger circuits 

• new Microsoft" Windows " version available 

* technical support now also available on 
CompuServe“ 


Electronics 
Workbench 





Just £199! 
Electronics Workbench’ 


The electronics lab in a computer™ 


Call: (0827) 66212 


ROBINSON MARSHALL (EUROPE) LTD. 
17 Middle Entry, Tamworth, Staffordshire, England B79 7NJ 


Fax: (0827) 58533 
*30-day money-back guarantee. 


Shipping charges — UK £4.99. All prices are plus V.A.T. 
All trademarks are the property of their respective owners. 
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on sale now, only £2.95. 


Over 700 colour packed pages with hundreds 
of brand New Products at Super Low Prices, 
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